US Army Corps
of Engineers

Wilmington District

Morehead City Harbor
Morehead City, NC

FINAL

Integrated Dredged Material Management Plan
And Environmental Impact Statement

Port of Morehead City, NC

June 2016



http://www.ncports.com/port_of_morehead_city.htm

Morehead City Harbor
Morehead City, NC
FINAL
Integrated Dredged Material Management Plan (DMMP)
and Environmental Impact Statement

Table of Contents

Executive Summary
Operations Plan

1

DMMP STUDY BACKGROUND......ccoiiiiiiiieeie 1
1.1 PUrpose and NEEM.........coo i 1
1.2 AULNOTItY @Nd SCOPE ... e e 1
1.3 DMMP PIOCESS ...ttt eaans 2
1.4 Study Area Description and LOCAtIoN ..........ccovvvvvviiiiiiiieeeeeeeeeiee e, 4
1.5 Incorporation by Reference ............ooii i 9

DESCRIPTION OF EXISTING CONDITIONS, FUTURE WITHOUT PROJECT
CONDITIONS, PROBLEMS, OPPORTUNITIES, ASSUMPTIONS, GOALS, AND

CONSTRAINTS .ttt ettt e ettt et ettt et e ettt e eeeeeeeeeseesesennees 10
21 EXIStING CONAILIONS .....ooiiiiiiiiiiie e 10
2.2 Planning ReQUIFEMENT ..........uuiiiii e e e e s 30
2.3 Problems and OPPOrtUNITIES .......cooeeiiiiiiiiiiiiie e 31
2.4 KEY ASSUMIPLIONS .. .uuiiiieeeiieeeiiiiie e e e e e et e e e e e e e e e e e e e e e e e e e eeneanne s 32
2.5 Future Without Project ConditioN............uuuuiiiiiiiiiieiiicie e 41
2.6 GOAIS ... 42
2.7 (@] 0511 =11 0| £ USRI 42
ALTERNATIVES. ... 43
3.1 NO Action Plan (NO DMMP) ......uuiiiiiiiieeeiiiee e 43
3.2 Formulation of DMMP MEASUIES .......ccceeieieiiiiiieieieeee e 43
3.2 Brandt ISIand ........coooooiiiiiiii e 46
3.2.2 BeacCh PIACEMENT ......uuiiiiiiiiiiiiiiiieiiiieiie ettt eeeeeeeees 47
3.2.3 Ocean Dredged Material Disposal Site (ODMDS).........ccccvvviiiiiiineneeene. 63
3.2.4  EDD Tide DEIA.......uuuiiiiiiiiiiiiiiiiiiiiiiieiett ittt ee e eeeeeeeeeees 69
3.2.5 Modification of Environmental WiNndOWS ..............uuviiiiiiiiiiiiiiiiiiiceee e 96
3.2.6 DMMP Measures ElIMiNated ................uuuuureieiiiiiiiiiiiiiiiieiiieeeeeeeeeeeeeeeeeen 98
3.3 Costs of the Alternative Plans ... 127
3.3.1 No Action Plan (NO DMMP) .....coii i 128
3.3.2  PropoSed MEASUIES .......ccuuuuuiiiieeeeeeeeiiiiiie ettt e e e e e eenraa s 129
3.3.3  Summary of Least COSt ANAlYSIS..........uuuiiiiiiieiiiiieeiiee e 135
3.4 Proposed Base Plan (DMMP) ......coooiiiiiiiiiiii e 138
3.4.1 Trade-Off ANAIYSIS.....ccooveeeiiiiie e 138
3.4.2 Summary of Recommended Base Plan (DMMP) .........coooiiiiviiiiinnnnnn. 146
4.3 REAIESIALE .....uuiiiiiiiiiiiiiiiiieitettee ettt s ettt e e e e e e e nneeee e 159
AFFECTED ENVIRONMENT ..o, 162
4.1 PhySiCal RESOUICES......cccieiiieeeiie e e e e e e e e eaaannes 163
4.1.1 Sediment BaCKground ...........coooiiiiiiiiiiiiieee e 163

Final Morehead City Harbor DMMP and EIS



4.1.2 Sediment CharaCteriStiCS. ... 164

4.1.3 Sediment Composition in the Nearshore Placement Areas.................. 179
4.1.4 Sediment ContamiNantS ..........coeeeiiiiiiiieiiiie e 180
4.2 Hazardous and TOXIC WASEE .......cooeeeeiiiieeiiiiiie e e e e e 180
4.3 WaAtEl RESOUICES. .. cuiiiiie it e e eans 182
4.3. 1 Water QUAIILY.....ccceeieeeeiiie e e e e 182
O €1 (o 10 1o 1LT7 (= PP 185
4.4 AT QUANIEY ... e e e e e e e e e e e e e e aaaaaaa 186
4.5 Marine and Estuaring RESOUICES ........ccccvvviiiiieiiiiiie e 186
T80 R 1= 24 (o ] o S 186
4.5.2 Benthic Resources - Beach and Surf Zone ............ccccooeeeiviiiiie e, 187
4.5.3 Benthic Resources - Nearshore OCean .............ceeieeeeeivvveeiiiiiiieneeeeenn, 189
454 SUrfZONe FISNES ......cciiiiece e 190
455  Larval FISNES .....cccc oot 190
456 HardbottoOmMS.....ccoovii i 192
4.5.7 Essential Fish Habitat............cccoovviiiiiie e 193
4.6 Wetlands and FIoodplains ............ooiiiiiiiiiiiii e 199
4.7 Terrestrial RESOUICES ......iii it e e e e e e e 200
O O R VA To 11 = 1 (o] [PPSR 200
o VL 1o |1 = P 204
4.8 Threatened and Endangered Species (includes State Protected Species)
............................................................................................................. 206
4.9 CURUIal RESOUICES ... .coiiiiie e 210
4.10 Aesthetic and Recreational Resources (Including Soundscape)........... 218
4.11 Recreational and Commercial FiShing..........ccoovuiiiiiiiiiiiiiiiie e 219
0 7 o Tox [0 1= Yoo To 1 ] [0 220
4.13 Other Significant Resources (Section 122, P.L. 91-611) ........cccceenn.... 222
4.13.1 Air, Noise, and Water PollUtiON...........ccooeeiiiiieiiiiiiee e 222
4.13.2 Man-made and Natural Resources, Aesthetic Values, Community
Cohesion, and Availability of Public Facilities and Services................. 223
4.13.3 Hazardous, Toxic, and Radioactive Wastes (HTRW)..........cccceeeeeeeenee. 224
4.14 Employment, Tax, and Property Value..........cccccceeeieeieeiiieeeicceee e 224
4.15 Displacement of People, Businesses, and Farms ............cccccceeeeeeeeenee. 224
4.16 Community and Regional Growth.............ccccvvviviiiiiii e, 224
5 ENVIRONMENTAL CONSEQUENCES OF THE RECOMMENDED PLAN AND
THE NO ACTION ALTERNATIVE ... 225
5.1 PhySiCal RESOUICES .....ccci i eeaaeee 228
5.1.1 Sediment and Sand.............ccoiiiiiiiiiiiiiiii e 228
5.1.2 Sediment CharacteriStiCS...........uoiiiiiiiiiiiceii e 229
5.1.3 Sediment Composition in the Nearshore Placement Areas.................. 236
5.2 Hazardous and TOXIC WASEE .........ccevuiiiiiiiiiii e 236
5.3 WaLEl RESOUICES....ceuiiiiiieii ettt a e eaa s 237
5.3.1  Water QUAlY ......uiii e 237
5.4 AT QUANIEY ... e e e e e e e e e aaaaaaaa 239
5.5 Marine and EStuaring RESOUICES ........ccceevvuiiiieeiiiiiie e 240
5.5 1 NEKION ... 240

Final Morehead City Harbor DMMP and EIS



5.5.2 Benthic Resources - Beach and SUrf ZoNe .......ooueeeieieiiiiiiiiiiiaaen. 241
5.5.3 Benthic Resources - Nearshore Ocean and Beaufort Inlet Ebb Tide Delta

............................................................................................................. 244
5.5.4  SUM ZONE FISNES .....uiiiiiiiiiiiiiiiiiititiiiee ettt eeeeeeeeeeees 247
5.5.5 Beaufort Inlet Ebb Tide Delta Fish, Crabs, and Shrimp...........c.............. 248
5.5.6  Larval ENtraiNMENt ..........uuuiiiiiiiiiiiiiiiiiiiiiiiiieeieeeeeseseseessesaesssssseeeseneeeeeees 250
5.5.7  HardbOMOMS .....uuiii e 252
5.5.8 Essential Fish Habitat.................uuuiiiiiiiiiiiiiiiiiiiiiiiiiiieieieieeeeeeeeeeeeeeeeeeee 255
5.6 Wetlands and FIoOdpIlains ............ooiiiiiiiiiiiii e 261
5.7 Terrestrial RESOUICES ........uuuuiiiiiiiiiiiiiiiiiiiiiiieeseeseeeeeeeeeeeeseeeeseeeeeeeseeeeees 262
N R VL= To 1= = 11 o] o IO 262
5.7.2  WIlAIE ..ttt e e e e e e e e 262
5.8 Threatened and Endangered Species (includes State Protected Species)
............................................................................................................. 264
5.9 CURUIal RESOUICES ... ..o 267
5.10 Aesthetic and Recreational Resources (Including Soundscape).......... 270
5.11 Recreational and Commercial FISNING ... 271
5.12  SOCIOECONOITHCS ....vuviiitiiiiiuesuistssssassssssssssssssssssssssssssssssssssssssssssssssssssseees 272
5.13 Other Significant Resources (Section 122, P.L. 91-611) .............uuunn.... 272
5.13.1 Air, Noise, and Water POIULION.............uuvuiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeee 272
5.13.2 Man-made & Natural Resources, Aesthetic Values,..........cccccvvvvnnnnnnn. 275
Community Cohesion, & Availability of Public Facilities &.............ccccevvvvvvnnnnn... 275
SBIVICES ..ttt e ettt e e e et ettt a e e e e et arraa s 275
5.13.3 Hazardous, Toxic and Radioactive Wastes (HTRW)...........cccccvvvunnnnn.. 275
5.14 Employment, Tax, and Property Values ..........ccccovuiiiiiniiiiiiiieiiiien. 275
5.15 Displacement of People, Businesses, and Farms ............ccccceevvvvvnnnnnnn. 275
5.16 Community and Regional Growth............ccoooiiiiiiiiiiiiiiiii e 275
5.17  CumMUIAtIVE EffECES. ... .uuuiiiiiiiiiiiiiiiiiiiiiiiiitieittieeteee et eeeeeeees 275
6 STATUS OF ENVIRONMENTAL COMPLIANCE ACTIONS FOR THE
PROPOSED DMMP, COORDINATION AND DOCUMENTATION .................. 279
6.1 Water Quality (including Section 401 Certification) ..........cccoeeeeevveeennnns 279
6.2 (@ ToT=T= T 1D 0] ] ][ Vo RS 280
6.3 US Fish and Wildlife Coordination ACt...........ccoooeeiiiiiiiiiiiiiiieee e 280
6.4 Endangered and Threatened Species (includes State Protected Species)
............................................................................................................. 281
6.5 Essential Fish Habitat............cooooiiioiii s 281
6.6 Executive Order 11593 (Protection and Enhancement of the Cultural
ENVIFONMENT) ..o e e e e e e e e e e e e e eeennnnes 281
6.7 Executive Order 11988 (Floodplain Management) ...........ccoceeeeeveeeennnnnn 282
6.8 Executive Order 11990 (Protection of Wetlands) ...........ccccoeeeeevvvvinnnnn. 283
6.9 Executive Order 13186 (Protection of Migratory Birds) .............cccceu.e.. 283
6.10 Executive Order 12898 (Environmental JUSEICE) ........covveeeeeveverrvinnnnnnnn. 283
6.11 Executive Order 13045 (Protection of Children from Environmental Health
and Safety RISKS) ..ccovviieeiiie e 287
6.12 North Carolina Coastal Zone Management Program.............cccceuuunnn... 289
6.12.1 Areas of Environmental Concern (AECS) ......ccovvvvviiiiiiiiieeeeeeeeeienn 291

Final Morehead City Harbor DMMP and EIS
iii



6.12.2 Other State POlICIES ... e e 292

6.12.3 Local land UsSe PlansS............uuuiiiiiiiiiiiiiiiiiiiiiiiieieieieeeeeeeeeeeeeeeeeveeeeeeeeees 292

6.13 Coastal Barrier Resources ACt (CBRA) .....coooiiiiiiieiiiiiiiee e 293

6.14 Prime and Unique Agriculture Land..........ccccooooviviiiiiiiiiee e 293

6.15 Environmental COmMMItMENTS ........coooiiiiiiiiiiiie e 293
7 DMMP REVIEW PROGCESS.......co oo, 294

7.1 Agency Technical ReVIEW (ATR) ....cooo oo 294

7.2 Public Review of the Draft DMMP/EIS...........cooooiiiiiiiis 294

470 R S Yoo o 1 o [P TTTRT 294

7.2.2 Coordination of thiS DOCUMENT ..........ccuuiiiiiiiiiiiiiiieiiieieieiieeeeeeeeeeeeeeeeeee 295

7.2.3 Recipients of this DOCUMENT.........cccoiiiiiiiiii e 296
8 DMMP APPROVAL AND IMPLEMENTATION ...t 298

8.1 DMMP APPIOVAL ..t eeeeaanee 298

8.2 DMMP Implementation ..............ciiiiieeiiiieeiiie e e e e e e e eaaaenns 298
9 CONCLUSION . ...ctttttteteeeeteeeeeee ettt e et eeeeeeee e et eeeeeeeeeaeesseassssesesssssnnssnnnes 298
10 NON-FEDERAL PARTNER ... 299
11 PROJECT DELIVERY TEAM (PDT).uuu it 300
12 POINT OF CONTACT ..o, 301
13 REFERENGCES ... oot e e e e e e e e e e e e eaa e e eaneaees 301

FIGURES

Figure 1-1. Morehead City Harbor DMMP Framework............ccccoeeeeeiiieeiiiiiiiee e eeeeeeeiinnns 3
Figure 1-2. Morehead City Harbor Location Map .........cooovviiiiiiiiiiiniiiieeeiie e 5
Figure 1-3. Morehead City Harbor Navigation Project...........cccccevieeeiiiiieiiiiiiie e 6
Figure 1-4. Current Harbor Sections, Morehead City Harbor, NC............cccooooiiiiiiiiiinnns 7
Figure 1-5. Morehead City Harbor DMMP Study Area ...........ccccoivieeeiiiiieiiiciiee e 8
Figure 2-1. NCSPA 10-Year Vessel and TONNAQGE .........ccevuuuriiiiiiieeiieeeiiiiieee e eeeeeiianns 24
Figure 2-2. Inner/Outer Harbor Dredged Material Separation Based on Percent Sand 34
Figure 2-3. Beaufort Tidal Gauge Historic Sea Level Trend...............oevvveevveiiiiiieneennnee. 39
Figure 2-4. Beaufort Tidal Gauge LOCAtiON ...........coieiiiiiiiiiiiiiiee e ee e e e e e eeeaaanes 39
Figure 2-5. Eustatic Sea Level RiSE CUINVES..........coii i 40
Figure 2-6. Relative Sea Level RiSE CUINVES..........ciiiiiiiiiieeeiee e e e e e e 40
Figure 3-1. Bogue Banks Area of Inlet Influence.............ooouviiiiiiiiiiiiic e 49
Figure 3-2. Bogue Banks Profil@S........ccouui i e e 50
Figure 3-3. Shackleford Banks Area of Inlet Influence...............ccooooiiii i, 51
Figure 3-4. Bogue Banks Volumetric ANalySiS Ar€a............uuuiiieeeeeeieeeiiiiiiieeeeeeeseennnnnns 53
Figure 3-5. Shackleford Banks Volumetric AnalySisS Area .........coooevvveeiviiiiiineeeeeeeeeiinnns 54
Figure 3-6. Typical SUIVEY COVEIAJE .......cceeeeeeeiiiiiiieeeeeeeeeeiiiieee e e e e e e eeeaaaaaeeaeeeeeeeannnnns 56
Figure 3-7. Bogue Banks Total Volume Loss (Stations 77-112).........cccuueeeeeeeeeeeeeninnns 56
Figure 3-8. Bogue Banks Volume Loss by Station ...............ceeiiiiiiiiiieiicciiee e 57
Figure 3-9. Shackleford Banks Typical Survey COVErage .........oooeeeeveeevvunninneeeeeeeeennnnns 58
Figure 3-10. Shackleford Total Volume Loss (Stations 293-460)...........ccccoeeeeeeeeeeeennnnns 58
Figure 3-11. Shackleford Banks Volume L0SS by Station...............covevvveviiiieiiieeieeiennnee. 59
Figure 3-12. Proposed Bogue Banks Placement Area..........cccoeeeeeeeveeieiiiiiieeeeeeeeeninnnns 62
Figure 3-13. Proposed Shackleford Banks Placement Area ............ccceuvvviiieeeeieieeeinnnns 63
Figure 3-14. Current Ebb Shoal Conditions at Beaufort Inlet .............cccccceeeeeiieieeiennnnn, 71

Final Morehead City Harbor DMMP and EIS



Figure 3-15. Bathymetric Changes, 1974 t0 1998.........coooiiiiiiiiieeeeeceiie e 73
Figure 3-16. Bathymetric Changes, 1998 t0 2005.........c.coovuiiiiiie e e e e e e 74
Figure 3-17. Bathymetric Changes, 2005 t0 2009..........cooiiuiiiiiiiieeeeeeceiiiie e 75
Figure 3-18. Bathymetric Changes, 1974 t0 2009.........cooviiiiiiiiii e e 76
Figure 3-19. East Throat Area Volumetric Change ..............ueiiiiniiiiiiiiiiiiiee e 82
Figure 3-20. East Ebb Delta Volumetric Change..........ccccuvvviiiiii e 83
Figure 3-21. East Offshore Delta Area Volumetric Change...........ccceevvvviiienieeeeeeeeinnnns 84
Figure 3-22. West Throat Area Volumetric Change............cccceeeiieieevireeiiiiiiee e 85
Figure 3-23. West Ebb Delta Volumetric Change............ooouiiiiiiiiiiiii e 86
Figure 3-24. Nearshore Placement Area Volumetric Change ..........cccccccceeveeiieeeeieennnes 87
Figure 3-25. Existing and Expanded Nearshore West Placement Area....................... 91
Figure 3-26. Proposed Nearshore East Placement Area ...........ccccevvveevvviiiieeeeeeeeennnnnns 94
Figure 3-27. Inner/Outer Harbor Dredged Material Separation Based on Percent Sand
............................................................................................................................... 95
Figure 3-28. Typical Hydrocyclone Configuration.............oouuuuuuiiiinnieeieeeeiiiiceee e 102
Figure 3-29. Radio Island DiSposal Ar€a..............uueiiiiiieiiiiiiiiiee e 106
Figure 3-30. Marsh Island DiSpPOSal Ar€a ............uuuuiiiiiiiiiiiiiiiiiiee e 107
Figure 3-31. Area Considered for New Upland Disposal Site...........ccccevvvvvviiieeeennne. 110
Figure 3-32. Brandt Island Shoreline TranSecCtS ........ccoooviiviiiiiiiiiiee e 111
Figure 3-33. Reference Lines and Historical Shorelines ..........cccooevvevviviiiiiciiiiieeeeee, 114
Figure 3-34. Reference Line to Shoreline distance vs. Time; Lines 7 and 9 Brandt
ISIAND . 115
Figure 3-35. Reference Line to Shoreline distance vs. Time; Line 11 Brandt Island .. 116
Figure 3-36. Reference Line to Shoreline distance vs. Time; Line 14 Brandt Island .. 116
Figure 3-37. Reference Line to Shoreline distance vs. Time; Line 15 Brandt Island .. 117
Figure 3-38. Fort Macon State Park Pre- and Post-Groin Construction ..................... 120
Figure 3-39. Fort Macon State Park Shoreline Fluctuation...............cccovvviiiiiiinnnnenee. 121
Figure 3-40. Elevation Difference Plot - 1974 t0 2009...........ccviiiiiieieeieeeeeieee e, 123
Figure 3-41. Proposed Base Plan — Years 1,4,7,10.......ccooiiiiiinieeieeeeiiiiee e 152
Figure 3-42. Proposed Base Plan — Years 2,5, 8,11.....cccccovviiiiiiiieieeeeeeiiee e 153
Figure 3-43. Proposed Base Plan — Years 3,6,9,12......... coooiiiiiiiiiiiiieeiiiiee e 154
Figure 3-44. Summary of all Dredging and Disposal Locations............ccc.cuvvceeeeeeeennn.. 155
Figure 4-1. Shackleford Banks Sediment Sampling Transects. .........ccccuvvviineeeeennne. 166
Figure 4-2. Grab Sample Locations Along Beach Transects (profiles) at Shackleford
BanKS BEACK. ... 167
Figure 4-3. Morehead City Harbor Channel Sediment Characterization Boring
[0 ToF= 1110 o 3PP RPUPPPPPPPRRRN 169
Figure 4-4. Bogue Banks Grab Sample Transect LOCationsS ...........cccovvvvvvvvvniieeeeeennn. 171
Figure 4-5. Grain Size Frequency Distribution - Shackleford Sediments Compared to
the Dredged Material Composite Grain Size Frequency Distribution.................... 175
Figure 4-6. Grain Size Frequency Distribution of Shackleford Banks Sediments
Collected May 2011 .....cooveeiiiiiee e e e e e e e e e e e e e e e e aaaaaanaa 176

Figure 4-7. Sediment Sample Locations off Bogue Banks and Shackleford Banks ... 179
Figure 4-8. Typical Beach Cross Section from Dune Base to about -24 foot depth ... 188
Figure 4-9. Location of NCDMF Artificial Reefs in the Project Area............cccceeeeeeeeeee. 198
Figure 4-10. Cross Section of Barrier Island Eco-Zones on Shackleford Banks ........ 201

Final Morehead City Harbor DMMP and EIS



Figure 4-11. Shackleford Banks 1974 GIS Vegetation Line (green) Superimposed on

2010 Aerial PROtOGraph .......oee e 203
Figure 5-1. Distribution of Potential Bottom Habitats on the Continental Shelf from NC
LCo R g[S o o] T o 1= Y 253
Figure 6-1. Minority Populations in the Project Area ..........ocouuuviiieiieeiiieeiiiiiieee e 285
Figure 6-2. Percent of Population Below Poverty Level ..........cccooovviiiiiiiiiiiiiiieeeeee, 286
Figure 6-3. Location of Hospital, Parks, and Schools in the Project Area. ................. 288
TABLES
Table 2-1a. Summary of Dredging and Disposal Practices for Morehead City Harbor
(1997 -2008) ... 14
Table 2-1b. Summary of Dredging and Disposal Practices for Morehead City Harbor
(2009-2005) ..o 15
Table 2-2. Waterborne Commerce - 1980-2011........ccooiiiiiiiiiiiiiiiieeeee s 20
Table 2-3. Commerce Based on COMMOILY .........coovuiiiiiiiiiieieeieeiii e 21
Table 2-4. Vessel Traffic by Trips and DraftS .............ouiiiiiiiiiiiieeecece e 22
Table 2-5. NCSPA 10-Year Vessel and TONNAQE ...........ceiiiieeiiiieiiiiiiiiee e 24
Table 2-6. NCSPA Top Five Commodities by Year- 2002-2011 ........ccceeeeevvvevevvnnnnnnnnn. 25
Table 2-7. Top Ten Trading Partners, Morehead City, 2011 ...........cceeiiiiiiiiiieiiiiinnnn. 26
Table 2-8. Tonnage and Value of Commodities by Vessel Draft.............ccccovvvvvvvvnnnnnnn. 28
Table 2-9. Dredged Material Quantities Used in the Development of the DMMP......... 36
Table 3-1. Morehead City Harbor DMMP Alternatives and Measures...........c.ccccccuvn.... 45
Table 3-2. Summary of Dredged Material Placement on Bogue Banks ....................... 52
Table 3-3. Morehead City ODMDS Site Use by Year.......c.ccccoevvvvvviiiiiiee e 66

Note: Volumes prior to 2007 are based on ocean disposal reporting, not survey or
contract pay volumes. Volumes after 2007 were derived from contract records. .. 66

Table 3-4. Volumetric Change and Vertical Shift.............ccoooiiiiiiiiiiii e, 88
Table 3-5. Volumetric Change SUMMANY ..........coooiiiiiiiiiiiie e 88
Table 3-6. Volumetric Change Rate SUMMArY ............uuuiiiiiiiiiiiiiiiiie e 88
Table 3-7. Nearshore Placement Quantities — 1995-2006 .............ccceeeeeveriieeeererieeeennnns 92
Table 3-8. Current Environmental Windows and Proposed Changes ...........cccccccceen... 96
Table 3-9. Brandt Island Dike Raises Along the Existing Dike Alignment .................... 99
Table 3-10. Distances from Reference Line to Shoreline — Brandt Island................... 112
Table 3-11. Distances from Reference Line to Shoreline - Western Shore Radio Island /

Southern Shore Sugarloaf ISIand ............coooo oo 113
Table 3-12. Average Annual Costs of the No Action Plan............cccceevviiiiiiiieiiiieennn. 129
Table 3-13. Costs for Disposal from Northwest Leg, West Leg 1 & East Leg ............ 130
Table 3-14. Costs for Disposal from West Leg 2 & N. Range C.......cccoeeevvvvvvvviinnnnnnnn. 130

Table 3-15. Costs & Capacity Gained by Expanding & Raising Brandt Island Dike ... 131
Table 3-16. Costs for Disposal of Material from South Range C and North Range B 132
Table 3-17. Costs for Disposal of Material from South Range B, Cutoff, North Range A

OUL 1O SEAtION 110400 .. ..ciiiiiiiiiiiiiiiiiiiiiiiie ettt ettt e e e et eeeeeeeeeeeeeeaeeeeeeseeseeeeeeees 133
Table 3-18. Costs for Disposal of Material from South Range A Seaward of

I 2= 11 [ 1 5 K0 L PRSP PTPPPPPPPPPPPPP 134
Table 3-19. DMMP Average ANNUAl COSES........ccoiiiiiiiiiiiiiee e 136
Table 3-20. Summary of Average Cost by Disposal/Placement Location .................. 137

Final Morehead City Harbor DMMP and EIS
Y



Table 3-21. Year-by-Year Cost Summary of the Proposed Base Plan....................... 137
Table 3-22. Screening of Measures for Maintenance of the Northwest Leg/West Leg 1

& East Leg (sediments less than 80% Sand)...........ccooeeeeeiiiiiiiiiiiiinneeeeeeeeeiiinn 141
Table 3-23. Screening of Measures for Maintenance of the West Leg 2 & N. Range C.

............................................................................................................................. 142
Table 3-24. Screening of Measures for Maintenance of South Range C and North

RANGE B oo e e eaans 143
Table 3-25. Screening of Measures for Maintenance of South Range B, Cutoff, North

Range A to Station 110+00 .........oiiii it eeeeaaeae 144
Table 3-26. Screening of Measures for Maintenance of South Range A from Station

I8 10010 T 146
Table 3-27. Status of Morehead City Harbor DMMP Measures ...........cccoevvvevvvvnnnnnnnn. 147
Table 3-28. Comparison of Proposed DMMP (base plan) with the No Action Plan.

Dredging QuantitieS ROUNAEM. .........ccoviiiiiiiiiiee et e e e e e e e e e e eeennnees 149

Table 3-29. Proposed DMMP Cycle of Dredging and Disposal (numbers rounded) .. 150
Table 3-30. Proposed DMMP Cycle - Sediment Quality & Disposal/Placement
[0 ToF= 110 o 3PS RPUPPPPPPPRRRN 151
Table 4-1. Grain Size Comparison for the Morehead City Harbor Maintenance
Sediment, Bogue Banks Sediment and Shackleford Banks Native Sediments.... 173
Table 4-2. Summary of the Grain Size Data for Shackleford Banks Sediments Sorted

DY POSItION ON TIrANSECT.....cciiiiiiie et e e e e eeaaenes 174
Table 4-3. Munsell Color of Sediments from the Beaches of Shackleford Banks and

Fort Macon State Park/Town of Atlantic Beach.............ccoooiiiiiiiiiiiiiiiiieees 178
Table 4-4. Waterbody Classifications at Morehead City Harbor..............cccceevvvvnnnnnn.. 185
Table 4-5. Categories of EFH and HAPCS ... 194
Table 4-6. EFH Species for Coastal North Carolina.............cccevvvvvviiiiie e 195
Table 4-7. Colonial Waterbirds Documented to Nest in Project Vicinity ..................... 206
Table 4-8. Threatened and Endangered Species Potentially Present In Carteret

County, NOIth CaroliNa.............iiiiiiiii e eeaeeees 207
Table 4-9. List of State Protected Species Potentially Present in Carteret County .... 208
Table 4-10. Population Statistics, Carteret County, and North Carolina..................... 220
Table 4-11. Population Projections, Carteret County, North Carolina......................... 221

Table 5-1. Summary of Potential Environmental and Socioeconomic Consequences226
Table 5-2. Sediment Data Applicable to the North Carolina Technical Standards ..... 234
Table 5-3. Summary of Overfill ratios Calculated for the Disposal of Sediment on

ShackIeford BanKS ............ouiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeee ettt 235
Table 5-4. Categories of EFH and Habitat Areas of Particular Concern in the Project

Vicinity and Potential IMPACES .........oiieiiiiiiiiecce e 256
Table 5-5. T & E species effects determination for beach disposal and dredging

activities associated With the DMMP ...........couiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee 266

Final Morehead City Harbor DMMP and EIS
Vil



APPENDICES
APPENDIX A Interim Operations Plan
APPENDIX B Geotechnical Engineering
APPENDIX C Shoaling Analysis
APPENDIX D Public and Agency Correspondence
APPENDIX E Explanation of Vertical Datum
APPENDIX F Morehead City Harbor Monitoring Plan
APPENDIX G Cost Estimates
APPENDIX H Evaluation of Section 404(b)(1) Guidelines (40 CFR 230)
APPENDIX | Assessment of Potential Larval Entrainment Mortality Due to Hydraulic
Dredging of Beaufort Inlet
APPENDIX J USFWS and NOAA Biological Assessment (BA)
APPENDIX K Cumulative Impact Assessment
APPENDIX L Draft DMMP/EIS Public and Agency Comments and Responses
APPENDIX M Agency Technical Review (ATR) of Draft DMMP/EIS
APPENDIX N Real Estate

Final Morehead City Harbor DMMP and EIS
viii



Executive Summary

The U. S. Army Corps of Engineers (USACE), Wilmington District is responsible for the
operation and maintenance of the federally-authorized Morehead City (MHC) Harbor
navigation project. Engineer Regulation (ER) 1105-2-100 provides that a Dredged
Material Management Plan (DMMP) be developed for federal navigation projects if a
preliminary assessment does not indicate sufficient capacity to accommodate
maintenance dredging for at least the next twenty years. The DMMP is a planning
document to ensure that sufficient dredged material disposal facilities are available for
at least the next 20 years and that maintenance dredging activities are performed in an
environmentally acceptable manner, use sound engineering techniques, and are
economically justified. The final product of this report will be an integrated DMMP and
Environmental Impact Statement pursuant to the National Environmental Policy Act
(NEPA). The DMMP addresses dredging needs, disposal capabilities, capacities of
disposal areas, environmental compliance requirements, and potential for beneficial use
of dredged material and indicators of continued economic justification. This DMMP will
ensure sufficient disposal capacity for the 20-year period beginning in 2016 and
extending through 2035.

The study area for the Morehead City Harbor DMMP includes the Morehead City Harbor
navigation channels, the adjacent mainland area, the beaches of Bogue Banks and
Shackleford Banks, the nearshore Atlantic Ocean off of Bogue Banks and Shackleford
Banks which includes the current nearshore placement area, the U. S. Environmental
Protection Agency (USEPA) designated Morehead City Ocean Dredged Material
Disposal Site (ODMDS), and the existing disposal sites located on Brandt Island, Marsh
Island, and Radio Island.

The integrated DMMP and Environmental Impact Statement (DMMP/EIS) evaluates the
return of sand to the beaches of Shackleford Banks that was lost due to maintenance of
the navigation channel. Shackleford Banks is part of the Cape Lookout National
Seashore (CALO); the National Park Service (NPS) is a Federal cooperating agency on
the Morehead City Harbor DMMP/EIS. Inclusion of a Shackleford Banks sand
placement alternative in the DMMP was deemed prudent and consistent with scientific
understanding of coastal processes and impacts.

The current Federal authorization for the Morehead City Harbor project consists of both
deep draft and shallow draft channels. The deep draft portion of the project provides
navigation channels from the deep water of the Atlantic Ocean to the North Carolina
State Ports Authority (NCSPA) facilities at the Port of Morehead City. The shallow draft
portion of the project provides for navigation channels from the waterfront docks at
downtown Morehead City to the deep draft portion of the project. Dredging methods
and disposal/placement options depend on the channel location and the in situ material
characteristics. Based on these sediment characteristics and potential disposal
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locations, the deep draft channels or ranges? are grouped into three sections: the Inner
Harbor, the Outer Harbor, and the Outer Entrance Channel.

Inner Harbor maintenance dredging historically has been accomplished by hydraulic
pipeline dredge every 2 to 3 years, with disposal in either the disposal area at Brandt
Island or on the beaches of Bogue Banks. The upland diked disposal facility at Brandt
Island? has been used for project disposal since 1955. From 1978 through 2005, the
majority of Inner Harbor dredged material was temporarily disposed of into the Brandt
Island facility and later pumped onto the adjacent beaches of Fort Macon State Park
and Atlantic Beach. These beach disposals (Brandt Island pumpouts) had the dual
benefit of emptying the disposal area and providing material for the area of beach
potentially affected by the dredging activities of the navigation project, more than
offsetting shoreline impacts associated with changes in sediment transport attributable
to the Federal navigation project (USACE 1976 General Design Memorandum, and
USACE 2001 Section 111 Report). Both the General Design Memorandum and the
Section 111 report prepared for this project specifically recognized that beach impacts
from the navigation project were offset by the Brandt Island pumpouts.

The last Brandt Island pumpout (2005) was problematic in that it included placement of
an unacceptable amount of fine-grained material onto the beach. This disposal of fine-
grained material on the beach, along with recent USACE geotechnical investigations,
indicates that Brandt Island and portions of the Inner Harbor contain material unfit for
beach placement. Since 2005, only fine-grained dredged material has been disposed of
in Brandt Island. Coarse-grained material has been placed on the beaches of Fort
Macon State Park and Atlantic Beach, within the existing Nearshore Placement Area
west of Beaufort Inlet, in the ODMDS, or on the shoreline of Pine Knoll Shores as part
of a beneficial use of dredged material project (pursuant to Section 933 of the Water
Resources Development Act of 1986 (Public Law 99-662)). Due to the presence of fine-
grained material in Brandt Island and the cost that would be incurred to attempt to
separate the fine-grained material from the remaining coarse-grained material, it is no
longer economically feasible to do the Brandt Island pumpouts; therefore, there are no
plans for future pumpouts from Brandt Island to the beaches.

The Outer Harbor and Outer Entrance Channel maintenance dredging have historically
been accomplished by hopper or pipeline dredge on an annual basis. Dredged material
from the Outer Harbor has historically been disposed of in Brandt Island along with
Inner Harbor material or has been deposited by hopper dredge in the ODMDS, but more
recently has been placed in the approved Nearshore Placement Area west side of
Beaufort Inlet or on area beaches. The Outer Entrance Channel material, which is fine-
grained material, is typically disposed of in the ODMDS within the southwest corner,

1 Ranges are segments of channels.
2 Although not all of Brandt Island is occupied by the upland diked diposal facility, in this document
reference to “Brandt Island” refers specifically to the disposal facility unless clearly indicated otherwise.
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which is the area designated for fine-grained material (less than 90 percent sand). The
northern half of the Morehead City ODMDS is designated for dredged material that is
coarse-grained (greater than 90 percent sand), making it an accessible source of sand
for future beach replenishments.

The Morehead City shallow-draft portion of the Harbor project has not been dredged in
over 15 years. Although these ranges were considered during the development of the
DMMP, they are dredged so infrequently and contain such small quantities of material
(~50,000 cubic yards of fine-grained material and ~50,000 cubic yards of coarse-grained
sand) that they would not affect the base plan and therefore were not included in the
detailed analyses conducted for all other portions of the Harbor.

Sediment sampling efforts conducted between 2003 and 2008 identified that large
portions of the Inner Harbor material consists of fine-grained material that is less than
90 percent sand. As a general rule, placement of dredged material on beaches is
limited to that material which is greater than or equal to 90 percent sand. Therefore,
Inner Harbor material is not suitable for placement onto adjacent shorelines. Sampling
also showed that the majority of the shoaled material located in the Outer Harbor
consists of coarse-grained material that is suitable for beach or nearshore placement,
with the exception of material in the Outer Entrance Channel from Station 110+00
seaward. This new sediment data, combined with the inability to offset potential project
impacts through Brandt Island pumpouts, led to the District’s creation of a revised
management strategy for the Morehead City Harbor project, termed the Interim
Operations Plan (IOP). The Environmental Assessment and Finding of No Significant
Impact (EA/FONSI) for the IOP were completed in July 2009 and addressed
modifications to the existing Morehead City Harbor dredged material disposal practices
for an interim period while the Morehead City Harbor DMMP is being developed. The
IOP, which is the current base plan, provides for Morehead City Harbor maintenance
dredging utilizing a repeating three-year dredging cycle. The IOP was developed using
past dredging quantities, recent geotechnical data, and current channel and disposal
area conditions.

The first step of the DMMP process was the preparation of the Preliminary Assessment
(PA), which was completed by the USACE, Wilmington District in 1997 (USACE, 1997).
The PA concluded that there were no significant problems to the continued
maintenance of the Morehead City Harbor project; therefore, a DMMP was not
recommended. Since 1997, changes have occurred regarding the management of
dredged material from Morehead City Harbor. In the past, capacity in the Brandt Island
confined disposal site was periodically restored when the material from Brandt Island
was pumped to the beach. Because pumpouts are no longer a feasible option, since
2005 (the last pumpout), only fine-grained material has been disposed of in Brandt
Island. To address these changes and the implications for future management of the
Harbor, development of a formal dredged material management plan is now warranted.

The initial phase of the DMMP began with the identification of dredged material
management problems and opportunities, the procedure used to identify measures, and
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the methodology used to select alternatives for further analysis. Resource agency and
public involvement began in 2009 when a public meeting was held to brief attendees on
the Morehead City Harbor DMMP project and process, to solicit comments and input,
and to invite attendees to participate on the Project Delivery Team (PDT). Attendees
included representatives from state and federal resource agencies, interest groups, and
stakeholders. Several attendees expressed an interest in participating on the PDT and
have actively participated in the development of the DMMP.

This DMMP for the Morehead City Harbor project has been developed using a
consistent and logical procedure by which dredged material management measures
have been identified, evaluated, screened, and recommended so that dredged material
disposal operations are conducted in a timely, environmentally sensitive, and cost-
effective manner. Following identification of problems and opportunities, the PDT
identified 21 potential DMMP measures for the Morehead City Harbor DMMP which
resulted in more than 100 dredging and disposal options to be analyzed for the base
plan. Analysis and screening of the measures during the plan formulation process
resulted in the elimination of several of the DMMP measures. As shown in the table
below, those measures that remain viable were combined to form the recommended
base plan.
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Quantity
Proposed Likely to be | Estimated Cost
DMMP Harbor Navigation Dredge Disposal/Placement Dredged (per dredging
Cycle Section Range Dredged Plant Location (cy) event)*
South Range B
Years Cutoff
1,4,7,10 North Range Ato | 30-inch** | Fort Macon State Park
Outer Station 110+00 pipeline & Atlantic Beach*** 1,200,000 ~$18,839,800
Years South Range C Hopper
2,5,8,11 to or Nearshore West &/or
Outer North Range B pipeline East 346,000 ~$7,571,000
South Range B
Cutoff Hopper
North Range A to or Nearshore West &/or
Quter Station 110+00 pipeline East 650,000
Northwest Leg
Years West Legs 1 & 2
3,6,9,12 East Leg & 18-inch Brandt Island or ~$12,219,900***
Inner North Range C pipeline ODMDS 514,000 *
South Range B
Cutoff Hopper
North Range A to or Nearshore West &/or
Quter Sta. 110+00 pipeline East 810,000
South Range A
Outer from Station
Entrance 110+00 out hopper ODMDS 344,000

* Costs include monitoring, mobilization/demobilization, planning, engineering and design, supervisory and
administrative costs and 27% contingency

** Costs estimates are based on the specific pipeline sizes this table; however comparable sized pipeline dredges
could be used

***Non-federal entities may contribute funds through an Additional Work Memorandum of Agreement (MOA) for
dredging with placement of beach quality material on Bogue Banks beaches. Refer to section 3.2 for details.

**x \When Inner Harbor material is disposed of in the Ocean Dredged Material Disposal Site (ODMDS) (once
Brandt Island reaches capacity), costs increase to $14,101,200 per dredgﬂ; event.

Inner Harbor fine-grained material would be disposed of in Brandt Island until it reaches
capacity in 2028, at which time this material would be disposed of in the ODMDS. An
essential component of the proposed base plan is beneficial use of dredged material by
placement on the adjacent beaches and in nearshore placement areas within the ebb
tide delta at regular intervals to ameliorate the possible losses of material caused by
dredging. The 2001 Section 111 Report, which examined the erosive effects of the
project, concluded that beach placement on the Fort Macon State Park and Atlantic
Beach shorelines was "an integral part of the operation and maintenance of the project,
and that the placement of approximately 5 million cubic yards (cy) of material between
1978 and 2001 "provided more than adequate compensation or mitigation for this
possible impact.” In the past, the NPS did not want any sand from the channel placed
on Shackleford Banks. As a result of new information regarding navigation channel
impacts on Shackleford Banks, in 2010, the NPS requested that sand placement on
Shackleford Banks be considered in the DMMP. Therefore, the draft DMMP evaluated
placement of beach quality dredged material on Fort Macon State Park, Atlantic Beach
and Shackleford Banks. Following circulation of the Draft DMMP, the NPS requested
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dismissal of the alternative to place dredged material on Shackleford Banks, as the NPS
did not have adequate information to conclude that sand placement in the quantities
and locations described in the DMMP was the preferred solution to ameliorate potential
dredging-related effects. So, although the USACE continues to recommend that
coarse-grained dredged material (sand) be placed on Shackleford Banks, it is the
determination of NPS that no sand will be placed on Shackleford Banks as part of this
DMMP. Another very important component of the DMMP is the placement of dredged
material in the nearshore placement areas with the expected benefit of reducing erosion
of the ebb tide delta, also referred to as ebb tide delta deflation. For this reason, in
years 2 and 3 of the 3-year maintenance cycle, the base plan recommends placement
of coarse-grained material (greater than or equal to 90% sand) in nearshore placement
areas on both sides of Beaufort Inlet.

The placement of dredged material in the nearshore placement areas is expected to
contribute to the stability of the ebb tide delta, which is part of the littoral system, thus
positively affecting the littoral system and the associated features. Disposal of material
directly on Fort Macon and Atlantic Beach would continue to reduce erosion along the
beaches of Bogue Banks. However, any time dredged material is not placed in the ebb
tide delta, it may adversely affect the deflating ebb tide delta. An understanding of
coastal inlet processes suggests that continued erosion of the ebb tide delta is likely to
eventually impact the adjacent beaches. The locations, severity, and timing of the
impact are unknown at this time. It is likely that any impact to the shoreline along
Bogue Banks up to this point has been offset by previous disposal of federal navigation
maintenance material along the eastern end of the island as found by the Section 111
report. Continued deflation of the ebb tide delta, however, may eventually overtake
those efforts. Every practical and sound effort, including reasonable use of light-loaded
vessels, use of dump scows, and direct pipeline to the nearshore, will be made to retain
littoral material dredged from the navigation channels within the inlet complex to
minimize this ebb tide delta deflation. A physical monitoring program, as outlined in the
Morehead City Harbor Monitoring Plan, will provide data to potentially modify and
assess ongoing operations and their impacts.

The proposed Morehead City Harbor DMMP is not expected to result in any significant
adverse environmental effects. Significant resources (including terrestrial and marine
biota, cultural resources, threatened and endangered species, air and water quality,
socio-economics, aesthetics, and recreation) will not be adversely impacted by
implementation of the proposed DMMP. Localized, short-term, and reversible adverse
impacts to intertidal macrofauna (beach infauna) may occur. However, beach
placement areas on Bogue Banks would recover quickly since only beach-compatible
material (greater than or equal to 90% sand) would be placed on these beaches.
Supportive data for these conclusions are found in Section 5.5 entitled Marine and
Estuarine Resources and in Appendix J, USFWS and NOAA Biological Assessment.

The three-year dredging cycle proposed for the DMMP assumes that funding will be
available to dredge and monitor as planned, appropriate dredge equipment will be
available, and that unexpected shoaling would not occur. The three-year rotational cycle
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is the base plan, but must remain flexible and adjustable to meet the navigation needs
of the Morehead City Harbor navigation project; therefore, from time to time, the cycle
may be adjusted, resulting in fewer dredging events, differences in the
disposal/placement location cycle, and dredged material quantities that differ from those
described in this DMMP. Nothing in this document should be read to suggest that
material will be dredged for the purpose of placement on the beaches or in the nearshore,
or for any purpose other than addressing navigability priorities.

In summary, approximately 1 million cubic yards of dredged material are removed from
the Morehead City Harbor annually. Current maintenance disposal practices, without
modification, result in the need for “new” or expanded disposal sites or modified
disposal options, including beneficial uses, by 2028. The proposed DMMP (base plan)
provides virtually unlimited disposal capacity for the Morehead City Harbor navigation
project by recommending the following: continued use of Brandt Island without
expansion, disposal of coarse-grained material on the beaches of Fort Macon State
Park and Atlantic Beach, expansion of the Nearshore West placement area, a new
Nearshore East Placement Area, and continued use of the USEPA designated ODMDS.
Although Brandt Island will reach capacity before the end of the 20-year period covered
by the DMMP, dredged material that goes to Brandt Island may be disposed of in the
ODMDS, so sufficient capacity for the harbor is not limited by Brandt Island. It should
be noted that placement of beach quality material on Shackleford Banks is still
recommended by the USACE; however, at the request of the NPS, no beach-quality
dredged material will be placed on Shackleford Banks as part of this DMMP.

Implementation of the DMMP is estimated to cost approximately $13,662,000 annually.
The maintenance dredging of the project is 100% federally funded. The only costs
incurred by the State of North Carolina, the non-federal partner, are approximately
$50,000 annually for maintenance of the spillway boxes at Brandt Island. In conclusion,
Brandt Island, the beaches of Fort Macon State Park and Atlantic Beach, the existing
and proposed nearshore placement areas and the EPA designated ODMDS provide
adequate disposal capacity for maintenance of the Morehead City Harbor navigation
project to its fully authorized dimensions for at least the next 20 years. The proposed
base plan will provide more than adequate disposal capacity to maintain the Morehead
City Harbor navigation project to the fully authorized dimensions for at least the next 20
years. A concise summary of this DMMP is captured in the Morehead City Harbor
Operations Plan, which immediately follows the DMMP Executive Summary.
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ACRONYMS

AAC average annual cost

AFB Alternative Formulation Briefing

AFT Aviation Fuel Terminals, Inc.

AIWW Atlantic Intracoastal Waterway

AP Albemarle-Pamlico

AR artificial reef

ASA(CW) Assistant Secretary of the Army for Civil Works

AST above-ground storage tank

ASTM American Society for Testing and Materials

ATR Agency Technical Review

BA Biological Assessment

BBSPP Bogue Banks Shore Protection Project

BC berm crest

BMAP Beach Morphology Analysis Program

BO Biological Opinion

BOEMRE Bureau of Ocean Energy Management, Regulation and Enforcement

CAA Clean Air Act

CALO Cape Lookout National Seashore

CAMA Coastal Area Management Act

CBRA Coastal Barrier Resources Act

CBRS Coastal Barrier Resources System

CEDEP Corps of Engineers Dredging Estimating Program

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CERCLIS Comprehensive Environmental Response, Compensation, and Liability
Information System

CFR Code of Federal Regulations

CHIRP Compressed High Intensity Radar Pulse

COLREGS International Regulations for Preventing Collisions at Sea

CPT Channel Portfolio Tool

CPU cone penetrometer units

CcwB colonial waterbird

cy cubic yards

CZMA Coastal Zone Management Act

DAP diammonium phosphate

DB dune base

DE Delaware

DEIS Draft Environmental Impact Statement

DMMP Dredged Material Management Plan
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DN

Dune

DOQQ Digital Orthophoto Quarter Quads

DWT dead weight tons

EA Environmental Assessment

EA/FONSI Environmental Assessment and Finding of No Significant Impact
EC Engineer Circular

EDR E Data Resources, Inc.

EFH Essential Fish Habitat

EIS Environmental Impact Statement

elev Elevation

EP Engineer Pamphlet

EPM Equilibrium Profile Method

ER Engineer Regulation

ERDC Engineering Research and Development Center
FEMA Federal Emergency Management Agency
FONSI Finding of No Significant Impact

FSC Federal species of concern

FT Feet

Gl General Investigation

GIS Geographic Information System

G.S. General Statute

HAPC Habitat Areas of Particular Concern

H.D. House Document

HMTF Harbor Maintenance Trust Fund

HQW High Quality Water

HTRW hazardous, toxic and radioactive wastes
IEPR Independent External Peer Review

IH Inner Harbor

IOP Interim Operations Plan

™ Inland Testing Manual

LLC Limited Liability Corporation

LST landing ship, tank

MANLAA may affect not likely to adversely affect
MALAA may affect likely to adversely affect

MAP monoammonium phosphate

MCACES Microcomputer Aided Cost Engineering System
MDS maximum density separators

MHC Morehead City Harbor

mhw mean high water
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mlw mean low water

mllw mean lower low water

MMS Minerals Management Service

MOA Memorandum of Agreement

MPRSA Marine Protection, Research, and Sanctuaries Act
MSFCMA Magnuson-Stevens Fishery Conservation and Management Act
MSL mean sea level

NAVDS88 North American Vertical Datum of 1988

NC North Carolina

NCAC North Carolina Administrative Code

NCARP North Carolina Artificial Reef Project

NCCMP North Carolina Coastal Management Program
NCDCM North Carolina Division of Coastal Management
NCDENR North Carolina Department of Environment and Natural Resources
NCDEQ North Carolina Department of Environmental Quality
NCDMF North Carolina Division of Marine Fisheries
NCDWQ North Carolina Division of Water Quality

NCDWR North Carolina Division of Water Resources

NCSPA North Carolina State Ports Authority

NEC not elsewhere classified

NED National Economic Development

NEPA National Environmental Policy Act

NLAM not likely to adversely modify

NMFS National Marine Fisheries Service

NOAA National Oceanographic and Atmospheric Administration
NOI Notice of Intent

NPS National Park Service

NRC National Research Council

NSP nearshore placement

NTU nephelometric turbidity unit

O &M Operations and Maintenance

OCS Outer Continental Shelf

ODMDS Ocean Dredged Material Disposal Site

OEC Outer Entrance Channel

OH Outer Harbor

OoMB Office of Management and Budget

ORV off road vehicles

ORW Outstanding Resource Water

ow Overwash
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PA

Preliminary Assessment

PL Public Law

PDT Project Delivery Team

PGL Policy Guidance Letter

PNA Primary Nursery Area

ppt parts per thousand

QAR Queen Anne’s Revenge

RFQ Request for Qualifications

RSM Regional Sediment Management

SAD South Atlantic Division

SAFMC South Atlantic Fishery Management Council
SARBA South Atlantic Regional Biological Assessment
SAV submerged aquatic vegetation

SEAMAP Southeast Monitoring and Assessment Program
SHPO State Historic Preservation Office

SIP State Implementation Plan

SUP Special Use Permit

T&E Threatened and Endangered [Species]

TR Trough

UAB Underwater Archaeology Branch

USACE U. S. Army Corps of Engineers

uscC U. S. Code

USCG U.S. Coast Guard

USFWS U. S. Fish and Wildlife Service

UST underground storage tank

usvi U. S. Virgin Islands

UTM Universal Transverse Mercator

VIMS Virginia Institute of Marine Science

WCSC Waterborne Commerce Statistics Center
WRDA Water Resources Development Act

pMPa micropascal
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1.0 Executive Summary

The U. S. Army Corps of Engineers (USACE), Wilmington District is responsible for the
operation and maintenance of the federally-authorized Morehead City (MHC) Harbor
navigation project. In accordance with Engineer Regulation (ER) 1105-2-100, a
Dredged Material Management Plan (DMMP) for Morehead City Harbor has been
developed. The Final DMMP ensures that sufficient dredged material disposal facilities
are available for at least the next 20 years (Fiscals Years 2017-2036) and that
maintenance dredging activities are performed in an environmentally acceptable
manner, use sound engineering techniques, and are economically justified. The DMMP
addresses, in detail, dredging needs, disposal capabilities, capacities of disposal areas,
environmental compliance requirements, beneficial use of dredged material and
indicators of continued economic justification.

This Operations Plan (Ops Plan) consists of a brief summary of the DMMP and should
be used to guide future maintenance dredging and disposal practices for the Morehead
City Harbor federal navigation project. Maintenance of the Morehead City Harbor
navigation project is based on a 3-year dredging and disposal cycle. This Ops plan
provides virtually unlimited disposal capacity for the Morehead City Harbor navigation
project by recommending the following: continued use of Brandt Island without
expansion, disposal of beach-quality material on the beaches of Fort Macon State Park
and Atlantic Beach, expansion of the existing Nearshore West Placement Area, a new
Nearshore East Placement Area, and continued use of the U. S. Environmental
Protection Agency’s (EPA) designated Ocean Dredged Material Disposal Site
(ODMDS). It should be noted that placement of beach quality material on Shackleford
Banks is still recommended by the USACE; however, at the request of the National Park
Service (NPS), no beach-quality dredged material will be placed on Shackleford Banks.

The DMMP assumes that the Morehead City Harbor navigation project will be
maintained to the fully authorized project dimensions; therefore it is assumed that
funding will be available to dredge and monitor as planned, appropriate dredge
equipment will be available, and unexpected shoaling will not occur. In reality,
maintaining the MHC Harbor project to the fully authorized project dimensions is
estimated to cost approximately $13.6 million per year; however, actual funding
received for MHC since 2009 has averaged only $10.7 million per year, frequently
resulting in dredged volumes that are less than those required to maintain the channel
to full dimensions. Therefore, as demonstrated in Table 1 (Section 2) the three-year
rotational cycle must remain flexible and adjustable to meet the navigation needs of the
Morehead City Harbor navigation project and may, from time to time, be adjusted,
resulting in fewer dredging events, different dredge plant, a different use of disposal
locations, and/or dredged material quantities that differ from those described in this Plan.

Every reasonable effort will be made to accomplish maintenance of the Morehead City

Harbor project within established environmental windows. Should circumstances
require that work be accomplished outside of the windows, the USACE wiill
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communicate/coordinate the action with all appropriate resource agencies prior to start
of work.

2.0 Morehead City Harbor Project Description

Morehead City Harbor is located in the Town of Morehead City, North Carolina,
approximately 3 miles from the Atlantic Ocean through Beaufort Inlet. The current
federal authorization for the Morehead City (MHC) Harbor project consists of both deep
draft and shallow draft channels. The deep draft portion of the project provides
navigation channels from the deep water of the Atlantic Ocean to the North Carolina
State Ports Authority (NCSPA) facilities at the Port of Morehead City. The shallow draft
portion of the project provides for navigation channels from the waterfront docks at
downtown Morehead City to the deep draft portion of the project. All channels within the
MHC Harbor project, including channel dimensions, are shown on Figure 1.

In addition to the federally-maintained navigation channels, the State of North Carolina,
as the non-federal project sponsor, is responsible for maintenance dredging within
those berthing areas that are not included within the federal authorization. The non-
federal berthing areas include Berths 1-3, 4-7, the Barge Dock, and the Aviation Fuel
Terminal, and are shown on Figure 1. Berths 8 and 9 are part of the federally-
authorized project and therefore are federally maintained. The principal user of these
berths is the U. S. Military.

Morehead City Harbor — deep draft portion (Outer Harbor & Outer Entrance Channel
Range A: 47-ft deep mean lower low water (mllw) by 450 to 650 feet
wide from deep water in the Atlantic Ocean to Beaufort
Inlet; step cut as shown in Figure 1

Cutoff: 45 feet deep mllw with varying width; connecting Range A
with Range B.
Range B: 45 feet deep mllw by 400 feet wide; connecting the Cutoff

channel with Range C.

Morehead City Harbor — deep draft portion — Inner Harbor

Range C: 45 feet deep mllw by varying width of approximately 400 to
1,350 feet; connecting Range B with East and West Legs.
(includes a turning basin in Range C and a portion in the
West Leg that is 1,350 feet in diameter);

East Leg: 45 feet deep mllw by a varying width of approximately 800
to 1,000 feet; connecting Range C with the non-federal
berthing areas located east of the NCSPA facility.

West Leg: 35 feet deep mllw by approximately 780 feet wide;
connecting Range C with the non-federal berthing areas
located south of the NCSPA facility and with the Northwest
Leg.
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Northwest Leg: 35 feet deep mllw by approximately 1,200 feet wide; Note:
federal authorization of the Northwest Leg extends to the
West facing bulkhead of the NCSPA facility (i.e., there is
no non-federal berthing area located west of the NCSPA

facility).
Morehead City Harbor — shallow draft portion (in front of Morehead City)
Range 2: 12 feet deep mllw by 100 feet wide from the Northwest
Leg to Sixth Street along the Morehead City Waterfront
Basin : 12 feet deep mllw by 200 to 400 feet wide from Sixth
Street to Tenth Street along the Morehead City Waterfront
Range 4. 6 feet deep mllw by 75 feet wide from Tenth Street to the

Atlantic Intracoastal Waterway in Bogue Sound

In 2009, the Interim Operations Plan (IOP) was implemented to address modifications to
the Morehead City Harbor dredged material disposal practices for an interim period
while the Morehead City Harbor DMMP was being developed. The IOP is based on a 3-
year maintenance cycle that includes:

Dredqing Area Disposal/Placement Location  Approx. Quantity

Year-1  Outer Harbor Fort Macon State Park 1,100,000 cubic yards
(90% sand) Atlantic Beach
Year-2 Ocean Bar Nearshore Placement Area 250,000 cubic yards
(90% sand)
Inner Harbor Brandt Island 700,000 cubic yards
Year-3  Outer Harbor Nearshore Placement Area 750,000 cubic yards
(90% sand)
Inner Harbor ODMDS 100,000 cubic yards

Table 1, below, includes a summary of MHC Harbor maintenance dredging activities
since the IOP was implemented. During this time, approximately $10.7 million has been
received annually for maintenance of the MHC Harbor project. As demonstrated in
Table 1, funding limitations frequently require alterations to the IOP 3-year cycle, which
results in fewer dredging events, use of different dredge plant and/or different disposal
locations, and dredged material quantities that are less than quantities required to fully
maintain the project to its authorized dimensions. The shallow-draft portion of the
Morehead City Harbor has not been dredged in over 15 years and does not require
regular maintenance; therefore, the table below does not include these ranges.
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IOP Plan Scheduled Actual Scheduled disposal Actual disposal Cubic yards |[Awardable
Year IOP Year |followed Maintenance |Maintenance location location dredged Bids? Notes
No awardable bids received for Ocean Bar
Range A Beaches of Ft. Macon Contract; McFarland (govt dredge) did
2009 1|Year 1 Cutoff Inner Harbor( and Atlantic Beach ODMDS 600,000 |Yes minimal necessary dredging.
Range A Range A Beaches of Ft. SAW elected to re-attempt Year 1
Range B Range B Beaches of Ft. Macon [Macon and Atlantic maintenance due to lack of awardable bids in
2010 2|Year 1 Cutoff Cutoff and Atlantic Beach Beach 1,400,000 |Yes previous year
SAW followed the Year 3 plan due to the
2011 3|Year 3 Inner Harbor Inner Harbor ODMDS ODMDS 470,000 |Yes need to maintain the Inner Harbor
Range A Range A No awardable bids received;McFarland did
2012 1|Year 2 Cutoff Cutoff Nearshore Nearshore 400,000 |No minimal necessary dredging
SAW elected to re-attempt Year 2
maintenance due to small quantity dredged
Range A the year before, and due to limited funding.
Range B Range A No awardable bids received;McFarland did
2013 2|Year 2 Cutoff Cutoff Nearshore Nearshore 420,000 [No minimal necessary dredging
Range A Pipeline dredge mobilized to deal with critical
2013 (2nd Range B shoaling off the tip of Shackleford Island.
job) 2|Year 2 Cutoff Cutoff Nearshore Nearshore 575,000 |Yes Scows were used for nearshore placement.
Beaches of Ft.
Range A Beaches of Ft. Macon [Macon and Atlantic
2014 3|Year 1 Inner Harbor Cutoff and Atlantic Beach Beach 790,000 |Yes Successful Year 1 maintenance event
Range A
2015 1|Year 2 Cutoff None Nearshore - - No No awardable bids received
Pipeline dredge mobilized to deal with critical
2015 (2nd Range A Range A Nearshore / Ft. shoaling off the tip of Shackleford Island.
job) 1fYear 2 Cutoff Cutoff Nearshore Macon 855,000 |Yes Scows were used for nearshore placement.
No awardable bids received for Nearshore
2016 2|Year 3 Range A None Nearshore None - No Placement Area disposal
2016 (2nd ODMDS disposal authorized after lack of
job) 2|Year 3 Range A Range A Nearshore ODMDS 665,000 |Yes awardable bids to Nearshore.

Table 1. Morehead City Harbor Maintenance Dredging and Disposal (2009-present)
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Figure 1. Morehead City Harbor Federally Authorized Navigation Project
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3.0 Operations Plan

Maintenance of the MHC Harbor project is based on a 3-year cycle that most
effectively matches anticipated dredge plant with the areas that need to be
maintained. This plan is the best balance of dredging needs, available dredge plant,
environmental concerns, and costs. Although dredged material from most of the MHC
project ranges may be disposed of in more than one location, Tables 2 and 3 display
the plan that meets the Federal standard of least cost, engineeringly sound and
environmentally acceptable disposal. Actual ranges dredged, and the dredge plant
utilized, may vary from the plan due to yearly navigational priorities and the actual
bids received. The 3-year cycle is graphically depicted in Figures 2 through 4. Figure
5 shows a summary of all dredging and disposal locations. Quantities shown in the
tables are based on adjusted shoaling rates (refer to Section 5 for shoaling rate
explanation) and represent the material likely to be dredged in order to maintain the
channel to authorized dimensions. However, due to funding limitations and navigation
priorities, actual dredging quantities from the Morehead City Harbor channels will vary
and are expected to be less than the quantities shown.
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Quantity .
Proposed Likely to be Estimated C_:OSt
DMMP Harbor Navigation Range Dredge Disposal/Placement Dredged (per dredging
Cycle Section Dredged Plant Location (cy) event)*
South Range B
Cutoff
Years 1, 4, North Range A to 30-inch** Fort Macon State Park &
7, 10... Quter Station 110+00 pipeline Atlantic Beach*** 1,200,000 ~$18,839,800
Years 2, South Range C to Hopper or
58,11... Quter North Range B pipeline Nearshore West & East 346,000 ~$7,571,000
South Range B
Cutoff
North Range A to Hopper or
Outer Station 110+00 pipeline Nearshore West & East 650,000
Northwest Leg
WestLegs 1 & 2
Years East Leg & 18-inch
3,6,9,12... Inner North Range C pipeline Brandt Island or ODMDS 514,000 ~$12,219,900****
South Range B
Cutoff
North Range A to Sta. Hopper or
Quter 110+00 pipeline Nearshore West & East 810,000
Outer South Range A from
Entrance Station 110+00 out hopper ODMDS 344,000

* Costs include monitoring, mobilization/demobilization, planning, engineering and design, supervisory and administrative costs and
27% contingency
** Cost estimates are based on the specific pipeline sizes in this table; however comparable sized pipeline dredges could be used
***Non-federal entities may contribute funds through an Additional Work Memorandum of Agreement (MOA) for dredging with

placement of beach quality material on Bogue Banks beaches. Refer to section 6.2 of this Plan for details.
***x \WWhen Inner Harbor material is disposed of in the Ocean Dredged Material Disposal Site (ODMDS) (once Brandt Island reaches
capacity), costs increase to $14,101,200 per dredging event.

Table 2. Operations Plan (FY2017-2036)
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Estimated Dredged Material Quantity (cu. yds.)

DMMP Fiscal Harbor Section Sedim_ent
Year Year Quality Nearshore Beach Brandt Island | ODMDS
1 2017 Outer coarse-grained** 1,200,000
2 2018 Outer coarse-grained 996,000
3 2019 Inner fine-grained*** 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000

4 2020 Outer coarse-grained 1,200,000
5 2021 Outer coarse-grained 996,000
6 2022 Inner fine-grained 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000
7 2023 Outer coarse-grained 1,200,000
8 2024 Outer coarse-grained 996,000
9 2025 Inner fine-grained 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000

10 2026 Outer coarse-grained 1,200,000
11 2027 Outer coarse-grained 996,000
12 2028 Inner fine-grained 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000

13 2029 Outer coarse-grained 1,200,000
14 2030 Outer coarse-grained 996,000
15 2031 Inner fine-grained 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000

16 2032 Outer coarse-grained 1,200,000
17 2033 Outer coarse-grained 996,000
18 2034 Inner fine-grained 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000
19 2035 Outer coarse-grained 1,200,000
20 2036 Outer coarse-grained 996,000
Inner fine-grained 514,000
Outer Entrance fine-grained
Channel 344,000
TOTALS 11,832,000 8,400,000 3,598,000 2,408,000

*The DMMP will be completed in October 2016 (Fiscal Year 2017)

**coarse-grained = dredged material 290% sand ***fine-grained = dredged material <90% sand

Table 3. Proposed DMMP Cycle - Sediment Quality & Disposal/Placement Locations
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Year 1 of 3-Year Cycle. As shown above in Tables 2 and 3 and Figures 2 through 4,
the Outer Harbor reaches would be dredged annually. During the first year of the 3-
year cycle, the Outer Harbor ranges (from South Range C out to Station 110+00 of
Range A), which contain beach quality material (least 90% sand) would be dredged by
an ocean-certified (likely 30-inch) pipeline dredge to fully authorized project depths (45'+
2 feet of allowable overdepth (45’+2) for most channels, and 47’+2 in Range A), with
disposal on the beaches of Fort Macon State Park and Atlantic Beach.

Year 2 of the 3-Year Cycle. During the second year of the 3-year maintenance cycle, a
hopper dredge (or pipeline dredge with dump scows or approved direct pipeline
method) would be mobilized to dredge the Outer Harbor ranges out to Station 110+00 to
fully authorized depths with placement of the beach quality material in the nearshore
placement areas. Dredged material quantities to be placed in the nearshore areas will
be based on the ratio of the historic losses for the two lobes (west and east) of the ebb
tide delta. Approximately 78% of sediment losses occur on the west ebb tide delta and
22% of losses occur on the east ebb tide delta. As project conditions allow, over the
next 20 years, material placed within the ebb tide delta will be split between the western
and eastern lobes based on this 78/22 ratio. In any one year, it is likely that only one of
the nearshore areas will be used. Direct pipeline placement of dredged material in the
nearshore areas is proposed as an allowable disposal method, subject to final approval
associated with avoidance of impacts to cultural resources.

Year 3 of the 3-Year Cycle. In the last year of the 3-year cycle, the Outer Entrance
Channel (Range A from Station 110+00 seaward) would be dredged to a depth of 47'+2
by hopper dredge with disposal in the ODMDS. Sediments in the Outer Entrance
Channel are predominantly fine-grained and cannot be disposed of on the beaches or in
the nearshore placement areas. The least cost, engineeringly sound, environmentally
acceptable alternative for the Outer Entrance Channel sediments is disposal in the
ODMDS. Also, in this final year of the 3-year cycle, the Outer Harbor would be dredged
again out to Station 110+00 to fully authorized depths, by hopper, pipeline with dump
scows or approved direct pipeline method. Outer Harbor dredged material would be
placed in the nearshore areas based on the ratios discussed above. Lastly, in year 3 of
the maintenance cycle, the Inner Harbor would be dredged by a moderate-sized (likely
18-inch) pipeline dredge or a mechanical (bucket and barge) dredge, with dredged
material disposed of either in Brandt Island or in the ODMDS. However, after year
2028, when Brandt Island reaches capacity, all of this Inner Harbor material likely would
be disposed of in the ODMDS, within the area designated for fine-grained material.

On infrequent occasions, small quantities of dredged material (typically less than
100,000 cubic yards) that contain at least 90% sand may be disposed of in Brandt
Island. This situation is likely to be confined to situations where a small pipeline dredge
is maintaining the Inner Harbor, and needs to dredge some quantity of Range C or
Range B material that may contain higher sand percentages.

The disposal of all Outer Harbor material will be based on data provided by the
Morehead City Harbor Monitoring Plan (Appendix F of the DMMP) and beach
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placement limits may be modified to best address any shoreline conditions.
Additionally, quantities placed would always be subject to navigation priorities and the
availability of dredging funds, which may not be sufficient to place quantities equivalent
to the historic loss rates. Quantities of material dredged that exceed the annual losses
to the ebb tide delta may be available for beach placement on Bogue Banks, by a local
entity. Any requests by local entities to place this excess dredged material on the
Bogue Banks beaches would be evaluated on a case-by-case basis and the additional
costs associated with utilizing the new beach placement area would be funded by the
requesting entity through an Additional Work Memorandum of Agreement (MOA).

4.0 Sediment Characteristics

Dredging methods and disposal/placement options for the MHC maintenance-dredged
material depend on the channel location and the in situ material characteristics. Based
on sediment characteristics and potential disposal locations, the deep draft channels or
ranges at Morehead City Harbor are grouped into three sections; the Inner Harbor, the
Outer Harbor, and the Outer Entrance Channel.

The most recent sediment sampling efforts, which occurred in 2003, 2008 and 2011,
indicated that the majority of Inner Harbor material consists of fine-grained material
which ranges from 23% to 99% sand with the majority of material being less than 90%
sand. As a general rule, placement of dredged material on beaches or in the nearshore
is limited to that material which is at least 90% sand. Inner Harbor material is less than
90% sand and therefore not suitable for placement onto adjacent shorelines or in the
nearshore. Sampling also showed that the majority of the shoaled material located in
the Outer Harbor consists of coarse-grained material suitable for beach or nearshore
placement; with the exception of a small amount of material in the Outer Entrance
Channel from station 110+00 seaward. Sediment characteristics are shown below in
Table 4 and are shown graphically in Figure 6.

Sediment
Harbor Disposal/Placement Classification
Section Range Location Dredge Type (% Sand)

Inner Harbor

Northwest Leg

ODMDS/Brandt Island

Bucket/Pipeline

23% to 77%

West Leg

ODMDS/Brandt Island

Bucket/Pipeline

88% to 94%

East Leg

ODMDS/Brandt Island

Bucket/Pipeline

40% to 95%

Partial Range C

ODMDS/Brandt Island

Bucket/Pipeline

80% to 99%

Outer Harbor | Partial Range C Beach/Nearshore Pipeline/Hopper | 290%
Range B Beach/Nearshore Pipeline/Hopper | 290%
Cutoff Beach/Nearshore Pipeline/Hopper | 290%
Range A out to
Station 110+00 Beach/Nearshore Pipeline/Hopper | 290%
Outer
Entrance Range A, beyond
Channel Sta. 110+00 ODMDS Hopper 47% to 99%

Table 4. Sediment Characteristics of Morehead City Harbor Ranges
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5.0 Shoaling Rates

The purpose of the shoaling analysis is to determine the average amount of material
that is shoaling into the navigation channel at Morehead City Harbor on an annual
basis. In general, the shoaling rate numbers represent the greatest material volumes
that would ever be expected to be dredged from the Morehead City Harbor navigation
channel (assumes no funding limitations). For this analysis, the Morehead City Harbor
navigation channel is broken into six major ranges as follows:

Range A, Range B, Cutoff, Range C / East Leg, West Leg, and Northwest Leg

To effectively evaluate both future required disposal capacity and project costs, two sets
of shoaling rates were used. The full annual shoaling rate was used to ensure
adequate future disposal capacity for at least the next 20 years. To more accurately
calculate project costs over the next 20 years, a reduced annual shoaling rate was
developed. The reduced rate was computed by removing the quantity of material from
the annual rate that is typically dredged at no direct cost to the government. Depending
on the channel conditions, a contractor may occupy a channel for up to 10 weeks while
dredging the channel to a contract template. A significant percentage of the annual
shoaling is essentially removed at no direct cost to the Government during this
contractor-occupied period. Note that the terms “suitable” and “unsuitable’ in Table 5
refer to the suitability of sediments for beach or nearshore placement.

Shoaling Rate

Avg. Contract
Duration* (days)

Reduction Factor Based
on Average Contract

Representative
Shoaling Rate
(C.Y./Year) Used for

Range (C.Y./Year) (1997-2008) Dredged Duration Economic Evaluation
Range A Suitable 630,500 65.0 82.2% 518,000
Range A Unsuitable 118,500 12.2 96.7% 114,500
Range B 171,000 39.5 89.2% 152,500
Cutoff 324,500 70.0 80.8% 262,000
Range C Suitable 80,500 48.5 86.7% 70,000

Range C & East Leg

Unsuitable 86,000 48.5 86.7% 74,500
West Leg 28,000 14.0 96.2% 27,000
Northwest Leg 80,000 45.5 87.5% 70,000

* per contract

Table 5. Dredged Material Quantities Used in Development of the Ops Plan (& DMMP)

6.0 Disposal/Placement Sites

6.1 Brandt Island

Brandt Island is approximately 168 acres in size and located south of the existing Port
of Morehead City, across the Morehead City Harbor channel (Figure 1). The Island is
divided from the Bogue Banks barrier island by the narrow Fishing Creek; a portion of
the island has been used as a disposal area since 1955. Brandt Island is owned by and
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has previously been used as a sand-recycling site by the North Carolina State Ports
Authority (NCSPA). Itis currently designated by the NCSPA as a site for MHC Harbor
project dredged material disposal. The Brandt Island disposal area encompasses
approximately 64 acres of the island and has a present capacity of about 3 million cubic
yards.

From 1978 through 2005 the majority of Inner Harbor dredged material was temporarily
disposed of in the Brandt Island disposal area and later pumped onto the adjacent
beaches of Fort Macon State Park and Atlantic Beach. These beach placements
(Brandt Island pumpouts) renourished local beaches and restored capacity in Brandt
Island. The last Brandt Island pumpout, which was in 2005, was problematic in that it
included placement of an unacceptable amount of fine-grained material onto the beach.
This placement of fine-grained material on the beach, along with recent USACE
geotechnical investigations, indicates that the Brandt Island disposal area and portions
of the Inner Harbor contain material unfit for beach placement. Since 2005, only fine-
grained dredged material has been disposed of in Brandt Island and there are no plans
for future pumpouts from Brandt Island to any beaches.

Brandt Island is currently being operated in a one-cell configuration with only fine-
grained material from the Inner Harbor being disposed of there. The existing Brandt
Island disposal area has a controlling top of dike elevation of approximately 37 feet
mean sea level (msl). Itis assumed that 2 feet of freeboard will be required at all times
during disposal operations and water and dredged material will not be allowed above
elevation 35 feet msl within the disposal area. The existing available storage volume
below elevation 35 feet msl is approximately 3 million cubic yards. It is expected that
the existing Brandt Island disposal area will reach capacity in 2029. This is based on
disposal of the following approximate quantities: 15,000 cubic yards annually from the
non-federal berths, 512,000 cubic yards from the federal channel every 3 years, and
75,000 cubic yards from the Fort Macon Coast Guard Station every 6 years.

Raising the dikes along the current alignment is not economically justified; however, an
expanded alignment with dike raises to elevations of 42’, 47’, 52’ and 55’ may be viable
and should be considered as the Brandt Island disposal area nears capacity. An
expanded dike would have the standard 15-foot top width and 3 horizontal to 1 vertical
side slopes. The toe of the expanded dike alignment would be designed to avoid
wetlands and to also allow a construction buffer (work area) adjacent to the toe.
Specific information for the subsurface investigation, lab testing, dike design, stability
analysis and cost estimates are contained in the MHC DMMP.

6.2 Beach Placement Areas

The beach placement areas are shown below on Figure 7. The two areas shown
represent the base beach placement area of Fort Macon and Atlantic Beach and the
extended beach placement area, which encompasses the entire area of inlet influence
(explained below). The base beach placement area would be used for placement of
maintenance dredged material from the MHC project. Future beach placement
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operations along Bogue Banks would be based on the volumetric loss within the area of
Atlantic Beach and Fort Macon. It is recommended that future beach placement
operations dispose of material primarily between Stations 77 and 107 (Figure 7). Any
material in excess of the amount needed to offset losses between stations 77 and 107
could be disposed of farther west in areas that need material. The quantity and location
of future placement events will be based on changes observed through the monitoring
program and should be sufficient to ameliorate most non-storm induced losses that
occur between beach placement operations.

As part of the MHC DMMP process, the Wilmington District identified areas along the
adjacent beaches that are influenced by the ebb tide delta of Beaufort Inlet. This zone
of influence is used to determine the future placement limits for material dredged from
the system, with the intention of maintaining the health of the ebb tide delta and
retaining material within the natural inlet sand-sharing system. Figure 7 displays the
approximate limits of potential beach placement areas along Bogue Banks. These areas
include the “Base Beach Placement Area,” which is the least cost option, and the
“Extended Beach Placement Area,” which is within the Beaufort Inlet area of influence
and may be used by non-federal entities for placement of beach quality sand.
Quantities of material dredged that exceed the annual losses to Fort Macon or Atlantic
Beach or the ebb tide delta may be available for beach placement by a local entity. Any
requests by local entities to place this excess dredged material on adjacent beaches
would be evaluated on a case-by-case basis and the additional costs associated with
utilizing the new beach placement area would be funded by the requesting entity
through an Additional Work Memorandum of Agreement (MOA). The excess material
would be required to remain within the Beaufort Inlet system and as such, would only be
available for placement within the limits shown on Figure 7. Placement of dredged
material from the Beaufort Inlet complex west of station 59 on Bogue Banks would
remove material from the complex and potentially increase delta deflation and for this
reason would not be acceptable.
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Figure 7. Proposed Bogue Banks Beach Placement Areas

OP-20



6.3 Nearshore Placement Areas

The Beaufort Inlet ebb tide delta complex has experienced substantial erosion of
approximately 12 million cubic yards since 1974. Without the quantities of material
placed in the existing Nearshore West placement area (~6.2 million cubic yards), the
total deflation would have been approximately 18.2 million cubic yards. Sand losses
occur asymmetrically across the inlet complex, with 78% lost from the west lobe of the
ebb tide delta and 22% lost from the east. An understanding of coastal inlet processes
suggests that continued erosion of the ebb tide delta complex is likely to impact the
adjacent beaches.

In an effort to retain the material dredged from the navigation channel within the littoral
system, a nearshore placement area was established in 1995 on the west side of the
navigation channel within the Beaufort Inlet ebb shoal (Nearshore West). This existing
nearshore placement area is shown below in Figure 8 and is located approximately
between 0.65 and 2.0 miles from the shoreline of Fort Macon State Park centered
roughly on the 25-foot mean low water (mlw) contour. The currently-authorized
nearshore placement area covers approximately 559 acres of sea floor and is a
placement location for coarse-grained (beach quality) sand. As part of the DMMP, the
Nearshore West will be expanded by approximately 1,209 acres, so the total Nearshore
West placement area will consist of about 1,768 acres (Figure 8). Also, shown on
Figure 8 is the approximate location of the Queen Anne’s Revenge (QAR), which is a
shipwreck that dates to 1718 and was the primary vessel of the pirate Blackbeard. This
site is listed on the National Register of Historic Places and is managed by the N.C.
Division of Archives and History. A special restricted zone is in place to protect the
QAR from inadvertent project-related damages.

In order to reduce further deflation of the eastern ebb tide delta, a new nearshore
placement area is proposed on the east side of Beaufort Inlet. Figure 9 shows the
proposed location of the new placement area (Nearshore East), which is located
approximately 0.25 miles seaward of the Shackleford Banks shoreline and outside the
National Park Service’s Cape Lookout National Seashore (CALO) boundary. The
CALO boundary ends at the mean low water contour along the Atlantic Ocean
shoreline. The Nearshore East Placement area extends from approximately the -17 ft
NAVDS88 contour to depths of -36 to -40 feet NAVD88 and is approximately 13,300 feet
in length. In total, this proposed placement site consists of approximately 1,094 acres.

Material placed within the ebb tide delta will be split between the Nearshore West and
Nearshore East Placement Areas based on the 78/22 ratio of sediment losses
mentioned above. Over the life of this Ops Plan (20 years), it is Wilmington District’s
intent to meet this 78/22 ratio, although individual dredging jobs will likely use a single
nearshore area. Dredged material quantities will be evaluated through the planned
monitoring program and will be adjusted to conform to the evolving conditions of the ebb
tide delta.
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In order to monitor the evolution of the ebb tide delta and verify anticipated migration of
material from the nearshore placement areas to the surrounding ebb tide delta, a
monitoring program has been developed and is included as Appendix F of the DMMP.
Monitoring is proposed to include semiannual beach profile survey collection, pre- and
post-placement surveys of the placement sites within the nearshore placement areas,
including a 1000’ buffer around such sites, annual aerial or satellite photography, and
surveys of the ebb tide delta lobes once every three years. These data will be
evaluated annually and the results of the analyses will be considered in determining
future disposal methodology. If monitoring indicates that the nearshore placement
areas are becoming too shallow for dredges to access, those areas, pending
coordination and environmental review, may be expanded to facilitate continued
placement of material in the ebb tide delta.
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6.4 Morehead City Ocean Dredged Material Disposal Site (ODMDS)

The Morehead City ODMDS (Figure 10) was designated by the U.S. Environmental
Protection Agency (EPA) pursuant to Section 102(c) of the Marine Protection,
Research, and Sanctuaries Act (MPRSA) of 1972, as amended, as suitable for the
ocean disposal of dredged material effective as of September 1987 (52 FR 30360).
The boundary coordinates (NAD 27 Geographic) for the Morehead City ODMDS are:

349 38'30" N 76° 45'00" W
34°38'30" N 769 41'42" W
34°38'09" N 76° 41'00" W
34°36'00" N 76° 41'00" W
34° 36'00" N 76° 45'00" W

The site is located just beyond 3 nautical miles offshore of Bogue Banks, North
Carolina. The Morehead City ODMDS has an area of about 8.0 square nautical miles.
Depths within the ODMDS range from about -30 to -55 feet mean low water (mlw)
based on a composite of bathymetric surveys which include data from 1995 to 2011.
Depths are shallowest in the northern (inshore) portion and gradually deepen to the
south (offshore). Approximately 60% of the area is greater than -50 feet mlw. The
bathymetry is essentially flat except for slight mounds of dredged material in the
northeast third and middle of the ODMDS due to previous dredged material
discharges and the influence of the Beaufort Inlet ebb tide delta.

Bathymetric surveys have indicated that the sandy and coarse dredged materials
historically disposed of within the Morehead City ODMDS have the potential to mound
appreciably when specific areas are repeatedly used for disposal. Such mounds may
limit future use of specific areas of the ODMDS and may pose impairment to navigation
including use by hopper dredges. Project contracts require dredging contractors to
prevent such mounding, and the Wilmington District monitors dump locations. The
ODMDS will have more than adequate disposal capacity over the next 20 years.

Morehead City ODMDS Site Management. As documented in the Site Management
and Monitoring Plan (SMMP), dated February 2010 all ocean disposal at the Morehead
City ODMDS must be conducted in accordance with the applicable Ocean Dumping
Regulations and Criteria found in 40 CFR Parts 220-238, whether conducted as a
permit activity or as a federal activity. The disposal quantity management objective for
the Morehead City ODMDS is to regulate disposal quantities such that depths in the
disposal area following disposal do not interfere with navigation. The disposal depth
limitation will be -30 feet mlw. Current average depths in the ODMDS are
approximately -45 to -50 feet miw.

Disposal is typically accomplished by hopper dredge or dump scow. For each disposal
project, a specific area within the ODMDS will be designated for use and a specific
disposal pattern will be prescribed. Dredged materials disposed of within the ODMDS
boundaries shall be discharged at least 600 feet from the ODMDS site boundary. As
shown on Figure 10, the northern half of the Morehead City ODMDS is designated for
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dredged material that is coarse-grained (beach quality, at least 90% sand), making it an
accessible source of sand for future beach replenishments, while the southern half is
designated for fine-grained material. Beach-quality material was excavated from the
Morehead City ODMDS by Carteret County as a borrow source for nourishment of the
Bogue Banks beaches in 2004, 2007 and 2013, following Hurricanes Isabel and
Ophelia, and Irene, respectively. Future use of dredged material from the ODMDS for
beach replenishment is possible, and is encouraged.

Dredged Material Evaluation. Only dredged materials which have been evaluated in
accordance with USEPA's Ocean Dumping Regulations and Criteria and found in
compliance with those criteria will be transported for disposal in the Morehead City
ODMDS. The determination of dredged material suitability for ocean disposal must be
documented in a MPRSA Section 103 evaluation and approved by USEPA Region 4
prior to disposal. Only one non-federal maintenance dredging and ocean dredged
material disposal permit (permitted pursuant to Section 103 of MPRSA) has taken
place in the Morehead City Harbor area, that being associated with the State
maintained portions (berths) of the North Carolina State Ports Authority. Dredged
materials will be reevaluated for suitability for ocean disposal in accordance with current
USACE/USEPA guidance at an interval not to exceed three years.

Dredged Material With Debris. If significant quantities of debris (either wood or man-
made) are present in the dredged materials, then debris management should be
conducted. Significant quantities of debris are considered to be those which would
materially interfere with fishing in areas near the Morehead City ODMDS or interfere
with re-use of dredged material from within the ODMDS (i.e., beach nourishment borrow
material). Debris management may involve the following:

. Removal of the debris from the dredged material before transportation to
the ODMDS;
. Disposal of dredged material in the ODMDS in a location (e.g., farthest

distance possible from the fishing areas or borrow areas ) such that debris
interference is unlikely;

. Immobilizing the debris within the ODMDS by covering it (capping) with
dredged material.

Timing of Disposal. There are no seasonal restrictions on the disposal of dredged
material within the Morehead City ODMDS. However, seasonal restrictions and
seasonal special requirements apply to particular dredging activities at particular
locations. Refer to Section 8 for a discussion of dredging windows.

Channel Area. If the alignment of the Morehead City Harbor Range A channel is
extended seaward, it crosses the eastern border of the ODMDS. In order to provide
safe navigation, dredged material disposal will not be allowed within approximately 1000
feet of the current limits of channel dredging. This area where the navigation channel
intersects the ODMDS is shown on Figure 10. Disposal of dredged material in this area
will be allowed only after a review by Wilmington District USACE in consultation with
USEPA Region 4 and only if a determination is made that the proposed disposal will
specifically not interfere with navigation.
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Figure 10. MHC ODMDS in Relation to Channel and Existing Nearshore West

7.0 Compliance with the Federal Standard

Pursuant to 33 C.F.R. 8§ 335.7, federal standard means the dredged material disposal
alternative or alternatives identified by the Corps, which represent the least costly
alternatives consistent with sound engineering practices and meeting the environmental
standards established by the Clean Water Act Section 404(b)(1) evaluation process or
ocean dumping criteria. The base plan identified in this Operations Plan provides the
least cost, engineeringly sound, environmentally acceptable alternatives for disposal of
maintenance dredged material from Morehead City Harbor and therefore meets the
federal standard.

An important component of the proposed plan is beneficial use of dredged material by
placement on adjacent beaches and in ebb tide delta locations at regular intervals to
ameliorate the possible losses of material from these areas caused by dredging the
navigation channel. Because the cutoff region of the channel is characterized by
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extremely steep slopes, which requires the use of costly cutter head dredging
equipment and the location of this section is very close to the beach, beach placement
is the most effective and efficient method of placement for that material. Costs and
shoaling rates make a three-year cycle the most optimal alternative for beach
placement of this material. Other reaches of the channel are best maintained by hopper
dredges, and for those reaches, nearshore placement is the alternative that best meets
the federal standard. While ODMDS disposal of beach-quality dredged material is the
least cost alternative for most channel reaches, the long-term effects of ODMDS-only
disposal to inlet stability, adjacent shorelines, and biological communities makes it both
engineeringly and environmentally less preferable than alternatives that keep most of the
sand in the inlet sand-sharing system.

8.0 Environmental Compliance and Commitments

In October 2013, the Draft DMMP/EIS was provided to a standard list of federal, state, and
local agencies, elected officials, environmental groups, and known interested individuals for a
45-day review and comment period. All input received was considered during the
preparation of the Final DMMP and the Operations Plan.

Upon completion of the NEPA process for the DMMP, all clearances and approvals will
be in place to execute this Operations Plan. This Operations Plan is fully consistent with
the State’s Coastal Management Plan (CMP), which states that clean, beach-quality
material from navigation channels within the active nearshore, beach, or inlet shoal
systems must not be removed permanently from the active nearshore, beach or inlet
shoal system unless no practicable alternative exists (15A NCAC 07M.1102, Section
1102). The Wilmington District may allow dredge captains the discretion to place
dredged material in the ODMDS when those captains believe that sea and weather
conditions prohibit safe operation within the nearshore placement areas. Other ODMDS
disposal of beach-quality material will only occur on a case-by-case basis after
appropriate coordination, when other disposal methods have been determined to be
impracticable. Implementation of the proposed plan would result in approximately 79%
of the dredged material from the Morehead City Harbor project being beneficially used.
A consistency determination for the 20-year plan will be issued prior to completion of the
NEPA process for the DMMP.

The following commitments apply to implementation of this Plan:
1. Adherence to environmental windows, which include:

» Hopper dredging: No window is required; however, the Wilmington District will
consider scheduling hopper dredge activities from January 1 to March 31 in order to
minimize dredging impacts on sea turtles.

*  Bucket and barge dredging: No window is required except in the Inner Harbor
(Northwest, West and East Legs), which has a window of August 1 to March 31.
e Pipeline dredging: No window is required.
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« Disposal: November 16 to April 30 for beach placement on Bogue Banks
(Endangered Species Act); September 1 to March 31 for disposal on Brandt Island, if
nesting birds are present; if birds are not nesting, there is no window.

* No window for placement of material in the Nearshore West or Nearshore East is
proposed.

Every reasonable effort will be made to accomplish maintenance of the Morehead City
Harbor project within these windows. Should circumstances require that work be
accomplished outside of the aforementioned windows, the Wilmington District will
communicate/coordinate the action with all appropriate resource agencies prior to start
of work.

2. If escarpments occur on the beach after placement, the escarpment will be graded
prior to the sea turtle nesting season during any given year in order to permit sea turtle
nesting on the beach.

3. Should a hydraulic pipeline dredge be used offshore, the pipeline from the navigation
channels to the placement beach will be submerged until it reaches nearshore waters.
The pipeline would be marked to let commercial and recreational boaters know of its
presence along the bottom. Work barges and other appurtenances associated with a
pipeline dredge operating in open water would be moored so as to minimize
interference with boat traffic in the area. A specific zone has been identified for
submerged pipeline placement that avoids cultural resources.

4. Surveys of the project area for seabeach amaranth will be conducted prior to any
placement operation (construction) from 1 July to September 30 of any year.

5. Within Morehead City Harbor, some of the navigational channels are closed to
shellfish harvesting. If maintenance material is excavated from these closed shellfishing
areas between May 1 and October 31 and disposed of on Bogue Banks, a swimming
advisory will be posted and a press release made. The Wilmington District will notify the
Shellfish Sanitation and Recreational Water Quality Section prior to dredging from a
closed shellfishing area with placement on a recreational swimming area.

6. If anchoring in the nearshore placement areas is required, cultural resources
exclusion areas will be avoided.

7. Dredged materials disposed of within the ODMDS boundaries shall be discharged at
least 600 feet from the ODMDS site boundary. Also, dredged material

disposal will not be allowed within approximately 1000 feet of the current limits of
channel dredging.

8. Disposal quantities in the ODMDS will be regulated so that water depths following

disposal do not interfere with navigation. The disposal depth limitation will be -30 feet
miw.
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Implementation of this proposed Operations Plan is not expected to result in any
significant adverse environmental effects. Significant resources (including terrestrial and
marine biota, cultural resources, threatened and endangered species, air and water
guality, socio-economics, esthetics, and recreation) will not be adversely impacted.
Approvals and clearances, including compliance with the State’s CMP and Section 103
of the Marine Protection, Research, and Sanctuaries Act (Ocean Dumping Act) of 1972,
will be updated as required, which is typically every 3 years.

9.0 Conclusion

This Operations Plan attempts to maximize beneficial uses of dredged material within
the requirements of the federal standard. Coarse-grained (beach-quality) dredged
material would be disposed of on the beaches of Fort Macon State Park and Atlantic
Beach, or in the nearshore placement areas to replenish the deflated ebb tide delta.
Fine-grained dredged material would be disposed of in Brandt Island or the ODMDS.

The three-year dredging cycle assumes that funding will be available to dredge and
monitor as planned, appropriate dredge equipment will be available, and that
unexpected shoaling would not occur. The three year rotational cycle is the base plan,
but must remain flexible and adjustable to meet the navigation needs of the Morehead
City Harbor navigation project, therefore, from time to time, the cycle may be adjusted,
resulting in fewer dredging events and dredged material quantities that differ from those
described in this Ops Plan. Nothing in this document should be read to suggest that
material will be dredged for the purpose of placement on the beaches or in the nearshore,
or for any purpose other than addressing navigation priorities.
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1 DMMP STUDY BACKGROUND
1.1  Purpose and Need

The U.S. Army Corps of Engineers (USACE) Engineer Regulation (ER) 1105-2-100
provides that the USACE Districts develop a Dredged Material Management Plan
(DMMP) for all Federal harbor projects where there is an indication of insufficient disposal
capacity to accommodate maintenance dredging for the next 20 years.

In 1997, a Preliminary Assessment (PA) for Morehead City Harbor was completed by
the USACE, Wilmington District. The purpose of the PA was to document the continued
viability of the Port and to determine whether there is dredged material disposal
capacity sufficient to cover at least 20 years of maintenance dredging. The PA
concluded that there were no significant problems to the continued maintenance of the
Morehead City Harbor project; therefore, a DMMP was not recommended at that time.
However, since 1997, changes have occurred regarding the management of dredged
material from Morehead City Harbor. In the past, capacity in the Brandt Island confined
disposal site was periodically restored when the material from the Brandt Island site was
pumped to the beach. Because pumpouts are no longer a feasible option, since 2005
(the last pumpout), only fine-grained material has been disposed of in Brandt Island.
These changes are discussed in more detail in Section 2.1 (Existing Conditions). To
address these changes and the implications for future management of the Harbor,
development of a formal dredged material management plan is now warranted. The
DMMP meets the requirements of ER 1105-2-100.

1.2  Authority and Scope

The U. S. Army Corps of Engineers (USACE) Appendix E, Section Il, paragraph E-15 of
ER 1105-2-100 provides that a DMMP be developed for federal navigation projects if a
Preliminary Assessment does not demonstrate sufficient capacity to accommodate
maintenance dredging for the next twenty years. The DMMP is a planning document
that ensures maintenance dredging activities are performed in an environmentally
acceptable manner, use sound engineering techniques, and are economically justified.
A DMMP addresses dredging needs, disposal capabilities, capacities of
disposal/placement areas, environmental compliance requirements, potential for
beneficial use of dredged material, and indicators of continued economic justification.
Beneficial use is defined as utilizing dredged sediments as resource materials in
productive ways. Dredged Material Management Plans ensure that sufficient disposal
capacity is available for at least the next 20 years and should be updated periodically to
identify any changed conditions.

In addition to ER 1105-2-100, three policy guidance memoranda provide additional
guidance regarding the preparation of DMMPs. They are: 1) Policy Guidance Letter
(PGL) No. 40, dated March 1993, Development and Financing of Dredged Material
Management Studies; 2) PGL No. 42, dated March 1993, Additional Guidance on

Final Morehead City Harbor DMMP and EIS


http://www.usace.army.mil/publications/eng-regs/er1105-2-100/toc.htm
http://www.usace.army.mil/publications/eng-regs/er1105-2-100/toc.htm

Financing of Dredged Material Management Studies; and 3) PGL No. 47, dated April
1998, Cost Sharing for Dredged Material Disposal Facilities and Dredged Material
Disposal Facility Partnerships.

Pursuant to PGL 40, the federal interest in continued operation and maintenance of an
existing federal project for its navigation purpose is the base disposal plan (“base plan”),
which is defined as the least cost plan for dredged material management that is
consistent with sound engineering practice and meeting the environmental standards
established by Section 404 of the Clean Water Act of 1972 or Section 103 of the Marine
Protection, Research, and Sanctuaries Act of 1972, as amended. Pursuant to 33 CFR
335.4, USACE undertakes operations and maintenance activities where appropriate
and environmentally acceptable. All practicable and reasonable alternatives are fully
considered on an equal basis. This includes the discharge of dredged or fill material into
waters of the U.S. or ocean waters in the least costly manner, at the least costly and
most practicable location, and consistent with engineering and environmental
requirements. Each management plan must establish this base plan using the
procedures in 33 CFR Parts 334, 335, 336, and 337.

Federal funds for DMMP studies are limited to establishment of the base plan. However,
pursuant to ER 1105-2-100, all dredged material management studies are required to
include an assessment of potential beneficial uses for environmental purposes including
fish and wildlife habitat creation, ecosystem restoration and enhancement, and/or
hurricane and storm damage reduction. Study activities related to dredged material
management for the federal project, but not required for continued maintenance
dredging and dredged material disposal, will not be included in management plan
studies unless funded by others (Appendix E, ER 1105-2-100). Therefore, studies of
measures beyond establishment of the base plan are outside the scope of this DMMP.
Those types of studies, as specifically mentioned where applicable throughout the text
of this DMMP, may be pursued through other subject-specific authorities.

The Morehead City Harbor federal navigation project is the subject of this DMMP.
Details regarding the Morehead City Harbor project authority and history are provided
below in Section 2.1 (Existing Conditions).

1.3 DMMP Process

The DMMP for the Morehead City Harbor project has been developed using a
consistent and logical procedure by which dredged material management measures
and alternatives have been identified, evaluated, screened, and recommended so that
dredged material disposal operations are conducted in a timely, environmentally
sensitive, and cost-effective manner. The overall framework for the Morehead City
Harbor DMMP development is shown below in Figure 1-1.
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Figure 1-1. Morehead City Harbor DMMP Framework

As discussed above, due to changes in disposal practices for maintenance dredged
material from Morehead City Harbor, development of a formal dredged material
management plan is warranted. The initial phase of the DMMP began in 2007 and
included the identification of dredged material management problems and opportunities,
the procedure used to identify measures, the methodology used to select measures for
further analysis, work tasks, and the costs and schedule to perform those tasks. During
this phase an integrated Interim Operations Plan (IOP) and Environmental Assessment
and Finding of No Significant Impact (EA/FONSI) were completed for Morehead City
Harbor (USACE 2009). The purpose of the IOP was to address modifications to the
existing Morehead City Harbor dredged material disposal practices for an interim period
while the Morehead City Harbor DMMP was being developed. The final phase of the
Morehead City Harbor DMMP began in the winter of 2009 and the final product of this
phase is an integrated DMMP and Environmental Impact Statement. Subsequent
phases of the DMMP process include implementation of the DMMP with periodic review
and update.
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1.4  Study Area Description and Location

Morehead City Harbor is a federal navigation project located in the Town of Morehead
City, North Carolina, approximately 3 miles from the Atlantic Ocean through Beaufort
Inlet (Figure 1-2). The authorized Morehead City Harbor project is divided into two
parts: The deep-draft portion and the shallow-draft portion. As shown on Figures 1-3
and 1-4, the deep draft portion consists of three main ranges or sections: 1) the Inner
Harbor, which includes the Northwest, West, and East Legs and the northern portion of
Range C; 2) the Outer Harbor, which includes the southern portion of Range C, Range
B, the Cutoff and Range A out to Station 110+00; and 3) the Outer Entrance Channel,
which is made up of the seaward end of Range A (from station 110+00 out). The
shallow draft portion includes 3 additional ranges: Range 2, the Basin, and Range 4. In
addition to the Morehead City Harbor navigation channels, the DMMP study area also
includes the adjacent mainland area, the beaches of Bogue Banks and Shackleford
Banks, the nearshore Atlantic Ocean off of Bogue Banks and Shackleford Banks (ebb
tide delta) including the current nearshore placement area, the Environmental
Protection Agency (USEPA) designated Ocean Dredged Material Disposal Site
(ODMDS), and the existing disposal sites on Brandt Island, Marsh Island and Radio
Island (Figures 1-3 through 1-5).
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1.5 Incorporation by Reference

The USACE has produced a number of environmental and planning reports which
describe the Morehead City Harbor federal navigation project, its past improvements, the
details of dredging and disposal operations required for its maintenance, and the
environmental aspects of the project. These documents (i.e., items a to | below) were
used in the writing and development of the DMMP and are cited in the References in
Section 13 . Eleven of these reports, which contain extensive background information,
are listed below and are incorporated by reference.

a. U.S. Army Corps of Engineers, Wilmington District. May 1976. Final
Environmental Statement, Morehead City Harbor, North Carolina.

b. U.S. Army Corps of Engineers, Wilmington District. May 1976. Morehead City
Harbor, North Carolina, General Design Memorandum.

c. U.S. Army Corps of Engineers Wilmington District. October 1983. Morehead
City Harbor Beach Disposal, Carteret County, North Carolina, Environmental
Assessment.

d. U.S. Army Corps of Engineers, Wilmington District. June 1990 and revised
December 1990. Feasibility Report and Environmental Assessment, Morehead City
Harbor Improvement, Morehead City, North Carolina.

e. U.S. Army Corps of Engineers, Wilmington District. March 1992. Environmental
Assessment and Finding of No Significant Impact, Design Memorandum, Morehead
City Harbor Improvement, Morehead City, North Carolina, Project Modifications.

f. U.S. Army Corps of Engineers, Wilmington District. January 1993a.
Environmental Assessment and Finding of No Significant Impact, Disposal of
Dredged Material on the Ocean Beach of Bogue Banks from the Combined
Maintenance Dredging and Deepening of Morehead City Harbor Inner Harbor
Navigation Channels and Pumpout of Brandt Island Upland Diked Disposal Site,
Carteret County, North Carolina.

g. U.S. Army Corps of Engineers, Wilmington District. April 1993b. Finding of No
Significant Impact, Disposal of Dredged Material on the Ocean Beach of Bogue
Banks from the Combined Maintenance Dredging and Deepening of Morehead City
Harbor, Inner Harbor Navigation Channels, Bulkhead Channel, U.S. Navy Landing
Ship Tank (LST) Ramp, and Pumpout of Brandt Island Upland Diked Disposal Site,
Carteret County, North Carolina.

h. U.S. Army Corps of Engineers, Wilmington District. August 1994a.
Environmental Assessment, Designation and Use of a Placement Area for
Underwater Nearshore Berm, Morehead City Harbor Project, Morehead City, North
Carolina.
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i. U.S. Army Corps of Engineers, Wilmington District. December 1994b. Finding of
No Significant Impact, Designation and Use of a Placement Area for Underwater
Nearshore Berm, Morehead City Harbor Project, Morehead City, North Carolina.

j. U.S. Army Corps of Engineers. 2001. “Section 111 Report, Morehead City
Harbor/Pine Knoll Shores North Carolina”, U.S. Army Corps of Engineers,
Wilmington District, South Atlantic Division

k. U.S. Army Corps of Engineers, Wilmington District. May 2003. Draft Evaluation
Report and Environmental Assessment, Morehead City Harbor Section 933, Carteret
County, North Carolina.

[. U.S. Army Corps of Engineers, Wilmington District. June 2009. Environmental
Assessment and Finding of No Significant Impact, Interim Operations Plan. Morehead
City Harbor, North Carolina.

The Integrated DMMP and EIS will provide information that is immediately pertinent to the
new proposed actions and will not repeat the information incorporated by reference.

2 DESCRIPTION OF EXISTING CONDITIONS, FUTURE WITHOUT PROJECT
CONDITIONS, PROBLEMS, OPPORTUNITIES, ASSUMPTIONS, GOALS, AND
CONSTRAINTS

2.1  Existing Conditions

Physical Harbor Conditions. Construction of Morehead City Harbor was originally
authorized by the 1910 Rivers and Harbors Act (Public Law 61-264. The original
authorization allowed for construction of a navigation channel 10 feet deep by 100 feet
wide through Beaufort Inlet to the Morehead City Waterfront; thence a channel 10 feet
deep by 200 feet wide along the Morehead City wharves. Congress modified the
authorized channel dimensions several times, including expansion of the project to
provide navigation channels and turning basins which service the North Carolina State
Ports Authority (NCSPA) facilities, by the following Acts: River and Harbor Act of 1930
(Public Law 71-520); River and Harbor Act of 1937 (Public Law 75-392); River and
Harbor Act of 1958 (Public Law 85-500); River and Harbor Act of 1970 (Public Law 91-
611); Section 1002 of the Water Resources Development Act of 1986 (Public Law 99-
662); Section 101(14) of the Water Resources Development Act of 1992 (Public Law
102-580); and Section 553 of the Water Resources Development Act of 2000 (Public
Law 106-541).

The current federal authorization for the Morehead City Harbor project consists of both
deep-draft and shallow-draft portions. The deep-draft portion of the project provides
navigation channels from the deep water of the Atlantic Ocean to the NCSPA facilities.
The shallow draft portion of the project provides for navigation channels from the
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waterfront docks at Downtown Morehead City to the deep-draft portion of the project.
All channels within the Morehead City Harbor project are shown on Figure 1-3. The
average tidal range in the Harbor, which is the vertical difference between high tide and
the succeeding low tide, is about 3.1 feet.

In addition to the federally-maintained navigation channels, the State of North Carolina
(Project Sponsor) is responsible for maintenance dredging within the non-federal
berthing areas. Non-federal berthing Areas 1-3, 4-7 (NCSPA), Barge Dock and Aviation
Fuel Terminal are shown on Figure 1-3. Berths 8 and 9 are part of the federally-
authorized project and therefore are federally maintained. The principal user of these
berths is the U. S. Military. All berthing areas (federal and non-federal) were considered
during development of the DMMP.
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Morehead City Harbor, NC —

Deep Draft portion (Outer Harbor & Outer Entrance

Channel)

Range A:

Cutoff:

Range B:

47-ft deep mean lower low water (mliw) by 450 to 650 feet
wide from deep water in the Atlantic Ocean to Beaufort
Inlet; step cut as shown in Figure 1-3.

45 feet deep mllw with varying width; connecting Range A
with Range B.

45 feet deep mllw by 400 feet wide; connecting the Cutoff
Channel with Range C.

Morehead City Harbor — Deep Draft portion — Inner Harbor

Range C:

East Leg:

West Leg:

Northwest Leg:

Morehead City Harbor, NC —

45 feet deep mllw by varying width of approximately 400 to
1,350 feet; connecting Range B with East and West Legs.
(includes a turning basin in Range C and a portion in the
West Leg that is 1,350 feet in diameter);

45 feet deep mllw by a varying width of approximately 800
to 1,000 feet; connecting Range C with the non-federal
berthing area, located east of the NCSPA facility.

35 feet deep mllw by approximately 780 feet wide;
connecting Range C with the non-federal berthing area,
located south of the NCSPA facility and with the Northwest
Leg.

35 feet deep mllw by approximately 1,200 feet wide; Note:
Federal authorization of the Northwest Leg extends to the
West facing bulkhead of the NCSPA facility (i.e., there is
no non-federal berthing area located west of the NCSPA
facility).

Shallow Draft portion (in front of Morehead City)

Range 2:
Basin:

Range 4:

As shown in Figures 1-3 and

12 feet deep mllw by 100 feet wide from the Northwest
Leg to Sixth Street along the Morehead City Waterfront
12 feet deep mllw by 200 to 400 feet wide from Sixth
Street to 10" Street along the Morehead City Waterfront
6 feet deep mliw by 75 feet wide from 10" Street to the
Atlantic Intracoastal Waterway in Bogue Sound

1-4, and described above, the Morehead City Harbor

navigation project consists of several navigation channels or ranges. Dredging methods
and disposal options within each range depend on the channel location and the in situ
material characteristics. Based on these sediment characteristics and potential disposal
locations, in the past the channels or ranges are grouped into sections based on two
categories of dredged material: 1) fine-grained material less than 90% sand (not
suitable for beach disposal); and 2) coarse-grained material greater than or equal to
90% sand (suitable for beach disposal). The Inner Harbor (Northwest Leg, West Leg,
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East Leg and North Range C) and the Outer Entrance Channel (Range A, beyond
Station 110+00) contain fine-grained material, and the Outer Harbor (South Range C,
Range B, Cutoff, Range A out to Station 110+00) contain the course-grained material
that is suitable for beach placement.

Below is a summary of current dredging methods and disposal locations for maintenance
dredging activities within the Harbor. Table 2-1a, below, contains a summary of all
maintenance dredging activities for the deep-draft portion of the Harbor from 1997 to
2008. The shallow-draft portion of the Morehead City Harbor has not been dredged in
over 15 years and does not require regular maintenance; therefore, the table below does
not include these ranges. Although these shallow-draft channels were considered during
the development of alternatives for the DMMP, they are dredged so infrequently and
contain such small quantities relative to overall project quantities (~50,000 cubic yards of
fine-grained material and ~50,000 cubic yards of coarse-grained sand per 20-year dredge
event) that they were not included in the detailed analyses conducted for all other portions
of the Harbor. Table 2-1a includes dredging and disposal methods, sediment volumes,
dredging frequency, and sediment classification for the various Morehead City Harbor
ranges. Sediment classification is based on the Unified Soils Classification System.
Sand is described as a material where 50% or more of the material lies between the
number 4 sieve (4.76 mm) and the number 200 sieve (0.074mm). Sand removed from
navigation channels is acceptable for beach disposal when it has 10% or less passing
the number 200 sieve. Table 2-1 lists the Harbor sediment characteristics (% sand) by
range.

Table 2-1b, below, includes a summary of MHC Harbor maintenance dredging activities
from 2009 to present, the period of time the Interim Operations Plan has been in use.
Since 2009, on average, approximately $10.7 million has been received annually for
maintenance of MHC Harbor. As demonstrated in Table 2-1b, on four occasions since
2009, no awardable bids were received for maintenance of the MHC navigation project.
This was due to the limited funding coupled with lack of availability of dredges in the
winter months.
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Estimated
Dredging Frequency of Sediment
Quantity (Cubic Dredging Disposal/Placement Classification
Harbor Section Range Yards/Year) (years) Location Dredge Type (% Sand)
Inner Harbor Northwest Leg 60,900 2t0 3 ODMDS/Brandt Island Bucket/Pipeline 23% to 77%
West Leg 23,200 2t0 3 ODMDS/Brandt Island Bucket/Pipeline 88% to 94%
East Leg 57,200 2t0 3 ODMDS/Brandt Island Bucket/Pipeline 40% to 95%
Partial Range C 60,900 210 3 ODMDS/Brandt Island Bucket/Pipeline 80% to 99%
Outer Harbor Partial Range C 22,300 2t03 Beach/NSP*/ODMDS Pipeline/Hopper 290%
Range B 45,400 2 Beach/NSP*/ODMDS Pipeline/Hopper =90%
Cutoff 182,500 1 Beach/NSP*/ODMDS Pipeline/Hopper 290%
Range A out to Station
110+00 491,600 1 Beach/NSP*/ODMDS Pipeline/Hopper 290%
Outer Entrance | Range A, beyond Sta.
Channel 110+00 56,000 1to 3 ODMDS Hopper 47% to 99%
Total 1,000,000
ODMDS: Ocean Dredged Material Disposal Site  NSP: Nearshore Placement Area (*During adverse weather conditions, the contractor
was given the option of placing material in the ODMDS) Beach: Fort Macon State Park/Atlantic Beach

Table 2-1a. Summary of Dredging and Disposal Practices for Morehead City Harbor (1997-2008).
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IOP Plan Scheduled Actual Scheduled disposal Actual disposal Cubic yards |Awardable
Year IOP Year |followed Maintenance [Maintenance location location dredged Bids? Notes
No awardable bids received for Ocean Bar
Range A Beaches of Ft. Macon Contract; McFarland (govt dredge) did
2009 1fYear 1 Cutoff Inner Harbor! and Atlantic Beach ODMDS 600,000 [Yes minimal necessary dredging.
Range A Range A Beaches of Ft. SAW elected to re-attempt Year 1
Range B Range B Beaches of Ft. Macon [Macon and Atlantic maintenance due to lack of awardable bids in
2010 2|Year 1 Cutoff Cutoff and Atlantic Beach Beach 1,400,000 |[Yes previous year
SAW followed the Year 3 plan due to the
2011 3|Year 3 Inner Harbor Inner Harbor ODMDS ODMDS 470,000 |[Yes need to maintain the Inner Harbor
Range A Range A No awardable bids received;McFarland did
2012 1|Year 2 Cutoff Cutoff Nearshore Nearshore 400,000 [No minimal necessary dredging
SAW elected to re-attempt Year 2
maintenance due to small quantity dredged
Range A the year before, and due to limited funding.
Range B Range A No awardable bids received;McFarland did
2013 2|Year 2 Cutoff Cutoff Nearshore Nearshore 420,000 [No minimal necessary dredging
Range A Pipeline dredge mobilized to deal with critical
2013 (2nd Range B shoaling off the tip of Shackleford Island.
job) 2|Year 2 Cutoff Cutoff Nearshore Nearshore 575,000 [Yes Scows were used for nearshore placement.
Beaches of Ft.
Range A Beaches of Ft. Macon [Macon and Atlantic
2014 3|Year 1 Inner Harbor Cutoff and Atlantic Beach Beach 790,000 |Yes Successful Year 1 maintenance event
Range A
2015 1fYear 2 Cutoff None Nearshore - No No awardable bids received
Pipeline dredge mobilized to deal with critical
2015 (2nd Range A Range A Nearshore / Ft. shoaling off the tip of Shackleford Island.
job) 1fYear 2 Cutoff Cutoff Nearshore Macon 855,000 [Yes Scows were used for nearshore placement.
No awardable bids received for Nearshore
2016 2|Year 3 Range A None Nearshore None - No Placement Area disposal
2016 (2nd ODMDS disposal authorized after lack of
job) 2|{Year 3 Range A Range A Nearshore ODMDS 665,000 |Yes awardable bids to Nearshore.

Table 2-1b. Summary of Dredging and Disposal Practices for Morehead City Harbor (2009-2016)
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As shown in the tables above, annual maintenance dredging is required in some ranges within
the Morehead City Harbor project to provide unrestricted navigation for ocean-going vessels
calling upon the Harbor. When the navigation channels are maintained to their authorized
depth, vessels drafting up to 42 feet may regularly call on the port. Vessels that draft up to 44
feet may call on the port using the advantage of high tide. On average, shoaling rates are
such that the Inner Harbor navigation channels require maintenance dredging every two to
three years, while portions of the Outer Harbor and Outer Entrance Channel require
maintenance dredging on an annual basis. Note: Dredging quantities shown above are
annual quantities; and detailed documentation of dredging quantities, by range, did not begin
until 1997.

Inner Harbor. Maintenance dredging in the Inner Harbor has historically been accomplished
by hydraulic pipeline dredge with disposal/placement on either the diked disposal area at
Brandt Island or the beaches of Fort Macon State Park and Atlantic Beach. The Brandt Island
disposal area has been used since 1955, and from 1978 through 2005 the majority of Inner
Harbor dredged material was temporarily disposed of in Brandt Island and periodically pumped
onto the adjacent beaches of Fort Macon State Park and Atlantic Beach. This beach
placement of material compensated for any potential shoreline impacts associated with
changes in sediment transport attributable to the federal navigation project (USACE 2001).
The most recent Brandt Island pumpout (2005) was problematic in that it included placement
of an unacceptable amount of fine-grained material onto the beach. This occurrence, along
with recent USACE geotechnical investigations, indicates that Brandt Island and portions of the
Inner Harbor contain material unfit for beach placement. As a result, since 2005, only fine-
grained dredged material has been disposed of in Brandt Island and, due to the lack of
accessible coarse-grained material in Brandt Island, there are no plans for future pumpouts
from Brandt Island to the beach. Since the 2005 disposal, the Wilmington District has
performed extensive geotechnical sampling within the project’'s navigation channels to better
define the characteristics of the shoaled material. A summary of this analysis is included in
Table 2-1.

Outer Harbor and Outer Entrance Channel. The Outer Harbor and Outer Entrance Channel
maintenance dredging have historically been accomplished by hopper or pipeline dredge on an
annual basis. Dredged material from the Outer Harbor is typically placed in the approved
nearshore placement area (Figure 1-4) or on the shoreline at Fort Macon State Park and
Atlantic Beach. During inclement weather, when conditions render it unsafe to navigate in the
nearshore area, material has also been disposed of in the United States Environmental
Protection Agency (USEPA) designated Morehead City Ocean Dredged Material Disposal Site
(ODMDS) within the area designated for coarse-grained material. The Outer Entrance
Channel material, which is fine-grained, is disposed of in the ODMDS within the area
designated for fine-grained material. For more information regarding management of the
ODMDS, see Section 3.2.3 (Ocean Dredged Material Disposal Site (ODMDS)).

Current Management of Morehead City Harbor Navigation Channels (Interim Operations Plan).
Until the DMMP is finalized, Morehead City Harbor will be maintained in accordance with the
IOP. The IOP was structured so that Morehead City Harbor maintenance dredging would
occur on a three-year dredging rotation. The IOP was developed using past dredging
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guantities, recent geotechnical data, and current channel and disposal area conditions. The
following paragraphs provide a detailed description of the dredging operations utilized for the
three-year maintenance dredging cycle. Please note that all quantities provided below are
estimates based upon historic shoaling and dredging quantities. Actual quantities vary. The
operations detailed below are designed to occur within applicable environmental dredging and
disposal windows.

Every reasonable effort is made to accomplish maintenance of the Morehead City Harbor
project within the established windows. Anytime circumstances require that work be
accomplished outside of the environmental windows, the USACE coordinates the action with
all appropriate resource agencies prior to start of work.

The sediment sampling efforts the District conducted from 2003-08 identified that the majority
of Inner Harbor material consists of fine-grained material which ranges from 23% to 99% sand
with the majority of material being less than 90% sand. As a general rule, placement of
dredged material on beaches is limited to that material which is at least 90% sand. Inner
Harbor material is less than 90% sand and therefore not suitable for placement onto adjacent
shorelines. Sampling also showed that the majority of the shoaled material located in the Outer
Harbor consists of coarse-grained material suitable for beach or nearshore placement; with the
exception of material in the Outer Entrance Channel from station 110+00 seaward (Figure 1-4).
A summary of these sampling efforts and the results are provided in Section 4.1 (Sediment
and Sand Resources) and in Appendix B of this report.

The inability to offset project impacts through Brandt Island pumpouts led to the revised
management strategy for the Morehead City Harbor project (IOP)(Appendix A). The
Environmental Assessment and Finding of No Significant Impact (EA/FONSI) for the IOP was
completed in June 2009; it addressed modifications to the existing Morehead City Harbor
dredged material disposal practices for an interim period while the Morehead City Harbor
DMMP was being developed. The Interim Operations Plan dredging cycle is explained below.
Please note that the quantities indicated are not measured quantities, but those identified in
the plan as necessary for full maintenance of the channel to authorized depths.

Interim Operations Plan Year-1: Approximately 1.1 million cubic yards of coarse-grained
material would be removed from the Morehead City Harbor Outer Harbor by pipeline dredge,
and placed along the shorelines of Fort Macon State Park and Atlantic Beach.

Interim Operations Plan Year-2: Approximately 700,000 cubic yards of fine-grained material
would be removed from the Morehead City Inner Harbor by hydraulic pipeline dredge with
disposal in the Brandt Island confined disposal area, or by bucket and barge with disposal in
the ODMDS. Approximately 250,000 cubic yards of coarse-grained material would be
removed by hopper dredge from the Outer Harbor and placed within the existing nearshore
placement area. Maintenance dredging in the Outer Harbor is anticipated to be minimal due to
pipeline maintenance dredging performed in Year-1.

Interim Operations Plan Year-3: Approximately 750,000 cubic yards of coarse-grained
material would be removed from the Morehead City Harbor Outer Harbor with a hopper dredge
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and placed within the existing nearshore placement area. Fine-grained material from the
Outer Entrance Channel would be dredged with the same hopper dredge and disposed of
within the ODMDS. Approximately 100,000 cubic yards of dredged material may also be
removed by the same hopper dredge from portions of the Morehead City Harbor Inner Harbor
and disposed of within the ODMDS.

Maintenance of Other Federal Channels in the Project Vicinity. Dredged material originating
from Beaufort Harbor has a variety of material characteristics depending on location. This
material has historically been disposed of in the following locations: Radio Island, Carrot
Island, and the adjacent shoreline of Bogue Banks. These disposal areas will continue to be
utilized for disposal of dredged material from Beaufort Harbor.

Dredged material originating from the southern Core Creek reaches of the Atlantic Intracoastal
Waterway (AIWW ) has historically been disposed of within the Radio Island disposal area.
Radio Island will continue to be utilized for AIWW dredged material.

Dredged material originating from the Atlantic Beach Channels project has historically been
disposed of within the Brandt Island upland disposal area. The dredging frequency for the
Atlantic Beach Channels project is approximately once every 10 years, with an approximate
guantity of only 30,000 cubic yards dredged each time.

Use of Disposal Sites by Other Government Entities. Maintenance dredging and disposal paid
for by other government entities may periodically be included in USACE dredging contracts.
Dredging that is the responsibility of another government agency and included in a USACE
contract is typically addressed in an appropriate interagency agreement; these disposal
volumes were considered in the development of the DMMP. These areas within the Morehead
City Harbor DMMP study area include the non-federal berthing areas mentioned previously as
well as the Fort Macon U.S. Coast Guard Station. About 15,000 cubic yards of material are
removed annually from the non-federal berthing areas and approximately 70,000 cubic yards
of fine-grained material are dredged every 6 years from the channels servicing the Coast
Guard Station. Dredged material from these areas has historically been disposed of in Brandt
Island, however, based on the results of sediment evaluations (pursuant to Section 103 of the
Marine Protection Research and Sanctuaries Act (MPRSA)), material could go to the ODMDS
and may do so during future dredging events. The small amount of material historically
dredged from the non-federal berthing areas and the Coast Guard channels would have a
negligible effect on the capacity of the ODMDS and therefore would not impact the long-term
maintenance of the Morehead City Harbor navigation project.

Economic Conditions. Federal dredging projects in Morehead City Harbor began in 1910
with a 20’ deep channel. Since then the Harbor has been studied and deepened four times to
accommodate deeper draft vessels and changes in cargo. The last deepening project was
completed in 1994 when the project was deepened to its currently authorized depths. The last
in-depth economic analysis of the Port was completed in 1992 as part of the General Design
Memorandum that recommended the currently authorized project. The project design was
based on a 60,000 to 80,000 deadweight tons (DWT) bulk carrier drafting between 41 and 45
feet. Benefits were claimed for phosphate rock exports to Europe and the Indian
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Subcontinent. Benefits were not claimed for exports to Australia or the Far East, because of
draft limitations imposed by the Panama Canal. Historic tonnage from 1985-1991
(immediately preceding the deepening study) ranged from 3.6 to 6.3 million tons.

Although some changes have occurred in ship traffic and commerce, the Port is handling an
average of 4.0 million tons of commerce annually since deepening was completed in 1994,
which ranks it in the middle of U.S. deep-draft ports. It serves as a significant import and
export port for a number of mining and manufacturing firms that are vital to the economy of
North Carolina. In addition, it is Marine Corps Base Camp Lejeune’s designated Seaport of
Embarkation (SPOE) for military planning purposes. The Port also has two location
characteristics that provide an advantage to commerce and maintenance costs. One of the
major commaodities shipped from the Port is phosphate converted to fertilizers. The phosphate
mining operation is only 80 miles away, which is approximately 90 miles closer than the next
nearest port located at Norfolk, Virginia. The Morehead City Port is also about 3 miles from
the ocean, making it extremely accessible. Principal imports are sulfur products, rubber and
scrap metal.

Most Recent Changes. The federal assumption of maintenance for the West Turning Basin
was authorized in the Water Resources Development Act (WRDA) of 2000, subject to the
Secretary of the Army’s determination that the non-federal improvements were economically
and environmentally justified. The USACE prepared a report and submitted it to the Assistant
Secretary of the Army for Civil Works ASA(CW), who recommended federal assumption of
maintenance of the West Turning Basin, which is located between the West and Northwest
Legs. The West Turning Basin was originally constructed and maintained by the State of
North Carolina. It is maintained at the same depth (35 feet) and dimensions as constructed.
By letter dated September 20, 2002, the ASA(CW) approved federal assumption of
maintenance of the Morehead City Harbor, West Turning Basin.

Since the General Design Memorandum was completed in 1992, Potash Corporation of
Saskatchewan (PCS), a phosphate mining and manufacturing company with facilities in
Aurora, NC, has changed from exporting mined phosphate rock to exporting processed
fertilizers, mostly monoammonium phosphate (MAP) and diammonium phosphate (DAP).
These are value-added products that are exported in deep draft vessels (usually drafting 36 to
42 feet). The exporting of phosphate rock was done in similar vessels, usually drafting from 38
to 45 feet. This change has allowed the maintenance dredging of the harbor to be somewhat
flexible due to the fact that a limited amount of shoaling within the channel dimensions does
not adversely impact Port traffic. Current dredging practices at the port reflect the draft
requirements of recent ship traffic and Operations and Maintenance (O&M) funding limitations
with maintenance not always being accomplished to the authorized project depth.

2.1.1 Waterborne Commerce

Waterborne commerce includes imports, exports and coastwise traffic in the Harbor. The Port
has seen both growth and contraction in waterborne commerce from 1980 to 2011 (Table 2-2).
Some of this is due to a fluctuation in phosphate and fertilizer movements, and some is due to
the changing use of the port for various commodities. Morehead City Harbor has seen the
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arrival and departure of several major commodities, such as coal (arrived and later departed)
and woodchips (arrived, departed, arrived), and steel (arrived). A breakdown of commerce by
commodity is given below in Table 2-3. For the period from 2007 through 2011, a summary of
vessel traffic by trips and drafts is provided in Table 2-4.

Waterborne Waterborne
Calendar Commerce Calendar Commerce
Year (Tons) Year (Tons)
1980 3,066,000 1996 5,588,000
1981 3,890,000 1997 5,201,000
1982 3,724,000 1998 5,260,000
1983 4,233,000 1999 4,636,000
1984 4,190,000 2000 4,365,000
1985 3,626,000 2001 3,143,000
1986 5,225,000 2002 2,097,000
1987 5,584,000 2003 2,297,487
1988 6,287,000 2004 3,407,127
1989 6,159,000 2005 3,953,663
1990 5,049,000 2006 3,733,318
1991 5,237,000 2007 3,108,000
1992 4,440,000 2008 3,300,000
1993 3,999,000 2009 3,278,000
1994 4,195,000 2010 3,498,000
1995 4,620,000 2011 3,570,000

Table 2-2. Waterborne Commerce - 1980-2011
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All Traffic Types (Domestic & Foreign)

All Traffic Receipts Shipments
Directions
CY2011 CY2010 CY2009 CY2008 CY2007 CY2011 CY2010 CY2009 CY2008 CY2007 CY2011 CY2010 CY2009 CY2008 CY2007
All Commodities 3,569,512 3,497,666 3,278,457 3,300,143 3,108,310 1,901,665 2,044,637 1,741,639 1,921,157 1,834,175 1,667,847 1,451,432 1,536,818 1,378,986 1,274,135
Total Coal, Lignite and Coal Coke 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Petroleum and Petroleum 2,431 37,597 13,287 78,955 90,222 2,408 37,597 13,287 78,955 90,222 23 0 0 0 0
Products
Total Chemicals and Related 3,111,344 2,944,146 2,908,578 2,610,342 2,221,398 1,591,816 1,596,268 1,432,233 1,375,385 997,578 1,519,528 1,346,281 1,476,345 1,234,957 1,223,820
Products
Subtotal Fertilizers 1,136,024 1,012,934 1,258,353 1,003,525 1,061,980 613,702 629,985 611,348 603,002 523,554 522,322 381,352 647,005 400,523 538,426
Subtotal Other Chemicals and 1,975,320 1,931,212 1,650,225 1,606,817 1,159,418 978,114 966,283 820,885 772,383 474,024 997,206 964,929 829,340 834,434 685,394
Related Products
Total Crude Materials, Inedible 202,524 298,006 229,877 399,011 557,247 175,066 250,343 202,765 309,705 534,753 27,458 47,663 27,112 89,306 22,494
Except Fuels
Subtotal Forest Products, Wood 139,199 139,222 65,491 155,625 179,794 139,199 137,251 65,491 151,822 176,008 0 1,971 0 3,803 3,786
and Chips
Subtotal Pulp and Waste Paper 793 0 0 540 14,108 0 0 0 540 0 793 0 0 0 14,108
Subtotal Soil, Sand, Gravel, Rock 59 0 47,920 96,300 93,018 18 0 47,920 96,300 93,018 41 0 0 0 0
and Stone
Subtotal Iron Ore and Scrap 28,575 54,668 74,323 128,084 21,794 2,211 8,976 47,211 42,581 17,194 26,364 45,692 27,112 85,503 4,600
Subtotal Marine Shells 0 0 0 0 0 0 0 0 0 0 0
Subtotal Non-Ferrous Ores and 58 0 17,417 20 0 0 17,417 38 0 0 0
Scrap
Subtotal Sulphur, Clay and Salt 21,547 0 42,143 18,462 221,981 21,347 0 42,143 18,462 221,981 200 0 0 0 0
Subtotal Other Non-Metal. Min. 12,293 65,116 0 0 9,135 12,271 65,116 0 0 9,135 22 0 0 0 0
Total Primary Manufactured 121,299 140,807 80,154 162,530 156,244 65,335 130,277 48,062 107,807 129,205 55,964 10,530 32,092 54,723 27,039
Goods
Subtotal Paper Products 934 0 0 138 1,691 334 0 0 138 302 600 0 0 0 1,389
Subtotal Lime, Cement and Glass 395 0 0 0 359 102 0 0 0 359 293 0 0 0 0
Subtotal Primary Iron and Steel 115,859 112,837 55,295 134,123 112,773 61,235 102,307 23,203 79,400 90,123 54,624 10,530 32,092 54,723 22,650
Products
Subtotal Primary Non-Ferrous 3,851 13,814 11,278 9,973 14,473 3,664 13,814 11,278 9,973 11,473 187 0 0 0 3,000
Metal Products
Subtotal Primary Wood Products; 260 14,156 13,581 18,296 26,948 0 14,156 13,581 18,296 26,948 260 0 0 0 0
Veneer
Total Food and Farm Products 25,900 0 171 32,509 43,759 25,856 0 103 32,509 43,759 44 0 68 0 0
Subtotal Oilseeds 19 0 0 0 0 19 0 0 0 0 0 0 0 0 0
Subtotal Vegetable Products 122 0 0 0 0 100 0 0 0 0 22 0 0 0 0
Subtotal Processed Grain and 57 0 44 0 0 55 0 0 0 0 2 0 44 0 0
Animal Feed
Subtotal Other Agricultural 25,702 0 127 32,509 43,759 25,682 0 103 32,509 43,759 20 0 24 0 0
Products
Total All Manufactured 104,616 74,673 21,795 16,558 34,273 41,020 27,715 20,594 16,558 33,573 63,596 46,958 1,201 0 700
Equipment, Machinery
Total Unknown or Not Elsewhere 1,398 2,437 24,595 238 5,167 164 2,437 24,595 238 5,085 1,234 0 0 0 82

Classified

Table 2-3. Commerce Based on Commodity
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All Vessel Types

All Traffic | Receipt | Shipment Receipt Shipment Receipt Shipment Receipt Shipment Receipt Shipment

Directions

CYy2011 CY2010 CY2009 CY2008 CY2007

All Drafts 2,402 1,197 1,205 2,505 1,255 1,250 2,215 1,107 1,108 2,789 1,400 1,389 2,074 1,039 1,035

0-5 ft. 608 75 533 657 94 563 575 145 430 1,086 431 655 529 162 367
6-9 ft. 1,247 686 561 1,283 715 568 1,225 649 576 1,305 681 624 1,143 592 551
10-12 ft. 327 324 3 318 315 217 214 173 169 4 168 166 2
13-14 ft. 1 1 25 24 7 6 12 8 2 2
15-17 ft. 7 5 10 3 7 7 5 8 6 2 13 8
18-20 ft. 26 14 12 30 14 16 39 12 27 34 16 18 32 10 22
21-23 ft. 31 21 10 21 14 7 27 16 11 26 12 14 40 21 19
24-26 ft. 36 18 18 47 20 27 31 18 13 28 19 9 30 15 15
27-29 ft. 33 15 18 31 20 11 34 19 15 52 22 30 42 22 20
30-32 ft. 35 21 14 38 23 15 25 20 5 29 22 7 32 23 9
33-35ft. 19 12 7 20 7 13 14 2 12 21 10 11 30 16 14
36-38 ft. 23 4 19 20 6 14 11 1 10 12 4 8 8 1 7
39-40 ft. 9 1 8 5 0 5 1 0 1 2 0 2 3 0 3
41 ft. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
42 ft. 0 0 0 0 0 0 1 0 1 1 0 1 1 1 0
43 ft. 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0
44 ft. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
45 ft. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 2-4. Vessel Traffic by Trips and Drafts (data from the Waterborne Commerce Statistics Center)
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North Carolina State Ports Authority. The NCSPA operates the State Port at Morehead
City. This terminal has several attractive characteristics to serve both commercial and
military cargo. Itis only 3 miles from the open sea; its channel is 3 feet deeper than the
larger port at Wilmington; and Morehead City’s proximity to the ocean and nearby
military facilities has supported a strong military presence. Cargo handling activities at
Morehead City Harbor support nearly 4,000 jobs statewide and generate $26 million
annually in local and state tax revenues.

Morehead City handles mostly bulk cargo with some break-bulk and general cargo.

Bulk Cargo is loose cargo (dry or liquid) that is loaded (shoveled, scooped, forked,
mechanically conveyed or pumped) in volume directly into a ship’s hold; e.g., grain, coal
and oil. Break-bulk cargo is non-containerized general cargo stored in boxes, bales,
pallets or other units to be loaded onto or discharged from ships or other forms of
transportation. Examples include iron, steel, machinery, linerboard and wood pulp. The
Port is second only to New Orleans, Louisiana, in rubber imports. Other key imports are
sulfur products, ore and stone, scrap metal, and aggregate. The port exports primarily
one thing — phosphate fertilizers. In 2009, the NCSPA Port at Morehead City
processed more than 3.3 million tons of cargo, with much of that moving to and from
India, Venezuela, Brazil, China, and Indonesia. Table 2-6 provides detailed information
about NCSPA commodities being imported and exported from 2002 to 2011. Table 2-7
provides information about the top ten trading partners for Morehead City. The Pacific
Rim nations send their cargo to East Coast ports for two reasons, says Karen Fox,
director of communications at NCSPA. First, booming international trade is congesting
West Coast ports. Second, Fox says, “It's still more cost effective to take your ship
through the Panama Canal and by water to east coast ports than it is to go to a west
coast port and rail the cargo across the country.”

The Morehead City Harbor serves as a gateway to world markets for North Carolina
business and industry. Products handled include phosphate fertilizers exported by PCS
Phosphate of Aurora, lumber for construction and retail sale, natural rubber used for tire
manufacturing at the Bridgestone Firestone plant in Wilson and the Goodyear plant in
Fayetteville, scrap metal for the Nucor Steel plant in Hertford County, colemanite used
in fiberglass, and military equipment to support our national defense efforts.

Morehead City has facilities to serve the needs of deep draft vessels. Berths, cargo
handling equipment and warehouse space are available at the NCSPA docks. As a
leading exporter of phosphate, the port features a dry-bulk facility with a 225,000-ton
capacity warehouse and open dry-bulk storage. The Port opened a new 177,000
square foot storage warehouse in 2007 to enhance its facilities. It is designed to house
high value commodities such as paper, steel, and lumber. This warehouse features 29’
ceilings and easy access to ocean berths.

Commercial tug power consists of 4 tugs ranging in size from 350 to 1400 horsepower.

The nearest facilities for major repairs to military and commercial vessels are at Norfolk
and Newport News, VA.
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Commerce for the NCSPA docks from 2002-2011 is shown below in Table 2-5 and
Figure 2-1. The State of North Carolina is on a data year of July 1 to June 30, so data
will not match up with information from the Navigation Data Center. The data below
does not include commerce at other terminals in the Harbor, or military use. The
Waterborne Commerce Data includes all commerce in the Harbor, except military.
Military commerce on military owned or chartered ships is not required to report to
Waterborne Commerce.

10-Year Vessel Trend Ten Year Tonnage Trend

Fiscal

Year Ships Barges Year |Breakbulk Bulk Total
2011 128 549 2011 | 212,182 | 1,798,379| 2,010,561
2010 122 465 2010 | 198,965 | 1,569,747| 1,768,712
2009 118 415 2009 | 167,454 | 1,725,432]| 1,892,886
2008 124 414 2008 | 231,072 | 1,652,863| 1,883,935
2007 153 436 2007 | 276,128 | 1,862,213| 2,138,441
2006 164 411 2006 | 375,998 | 1,922,386| 2,298,384
2005 156 348 2005 | 315,440 | 2,115,309| 2,430,749
2004 168 250 2004 | 214,948 | 2,000,643| 2,215,591
2003 153 191 2003 | 243,574 | 1,296,618] 1,540,692
2002 132 209 2002 | 213,583 | 1,294,005| 1,507,588

Table 2-5. NCSPA 10-Year Vessel and Tonnage
Note: The latest available Waterborne Commerce data is from 2011.

3000000

2500000

2000000

1500000

Tonnage

[ Break bulk
W Bulk

1000000

500000

O .
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Year

Figure 2-1. NCSPA 10-Year Vessel and Tonnage
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Year Commodity Import Commodity Export
2011 Sulfur Products 165,597 | Phosphate 1,397,717
Rubber 132,914 |Metal Products 19,119
Scrap Metal 99,851 (Scrap Metal 8,969
Potash 56,622 Military 4,165
Metal Products 46,973 |Urea 1,504
2010 Sulfur Products 298,706 |Phosphate 1,090,649
Rubber 119,358 |Gen. Merch./Misc 47,091
Scrap Metal 83,525 |Military 2,748
Metal Products 57,811
Ore, Micah, Schist 26,268
2009 Sulfur Products 326,147 |Phosphate 1,044,249
Rubber 117,505 |Military 2,981
Gen Merch/Misc 108,617
Scrap Metal 76,709
Ore, Mica, Schist 56,107
2008 Sulfur Products 286,768 |Phosphate 1,044,249
Rubber 155,163 | Military 1,510
Scrap Metal 126,901
Aggregate 94,532
Ore, Mica, Schist 59,635
2007 Sulfur Products 283,018 |Phosphate 1,211,017
Rubber 157,849 |Forest Products 3,787
Ore, Mica, Schist 114,639 |Military 3,500
Scrap Metal 111,001 |Gen. Merch./Misc 1,317
Aggregate 91,067
2006 Scrap Metal 363,125| Phosphate 1,041,117
Sulfur Products 295,439 Military 6,199
Rubber 251,874| Gen. Merch./Misc 1,271
Ore, Mica, Schist 136,489
Forest Products 78,810
2005 Sulfur Products 457,539 Phosphate 1,121,970
Scrap Metal 285,550 Aggregate 8,641
Rubber 206,614| Metal Products 8,337
Asphalt 115,537 Military 8,125
Ore, Mica, Schist 110,051| Gen. Merch./Misc 2,995
2004
Scrap Metal 303,540| Military 10,557
Rubber 175,765| Metal Products 4,750
Asphalt 152,756| Gen. Merch./Misc 2,006
Ore, Mica, Schist 90,545
2003 Sulfur Products 299,780 Phosphate 666,640
Rubber 180,201 | Metal Products 27,095
Ore, Mica, Schist 114,960| Military 14,590
Asphalt 93,506| Gen. Merch./Misc 4,263
Scrap Metal 85,154| Food 2,198
2002 Sulfur Products 212,004| Phosphate 444,660
Scrap Metal 179,307 | Woodchips 163,815
Rubber 149,024 | Military 13,659
Ore, Mica, Schist 133,277| Gen. Merch./Misc 2,656
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Import Export Total Trade
Indonesia 106,732 | India 1,063,415 | India 1,063,572
Mexico 92,525 | Brazil 256,695 | Brazil 308,906
Venezuela 59,216 | Argentina 28,611 | Indonesia 106,732
Brazil 52,211 | Colombia 26,935 | Mexico 92,525
Turkey 39,325 | Peru 16,388 | Venezuela 63,625
Israel 35,477 | Honduras 7968 | Turkey 39,325
Poland 34,289 | Venezuela 4409 | Israel 35,477
Russia 33,270 | Puerto Rico 4210 | Poland 34,289
Thailand 27,316 | Chile 3453 | Russia 33,270
Canada 26,010 | Dom. Republic 2022 | Argentina 28,611

Table 2-7. Top Ten Trading Partners, Morehead City, 2011

Military Use. Next to California and Texas, North Carolina has the third-largest number
of active duty military personnel in the U.S., with over 100,000 soldiers and an
additional 46,000 civilian, reserve, and National Guard personnel. North Carolina is
home to: Marine Corps Base Camp Lejeune; Marine Corps Air Station New River;
Marine Corps Air Station Cherry Point; Fort Bragg, United States Army Installation;
Pope Army Airfield; Military Ocean Terminal Sunny Point; Seymour Johnson Air Force
Base; and Air Station Elizabeth City, United States Coast Guard. Morehead City Harbor
is the main port of embarkation and debarkation for the Second Division of the U.S.
Marine Corps at Camp Lejeune.

The U.S. Navy-owned facilities in the Morehead City/Beaufort area include three
Landing Ship, Tank (LST) ramps and a large paved staging area at the southern tip of
Radio Island. The Navy also uses portions of the NCSPA facility, mainly the area
adjacent to the West and Northwest legs. The West leg also includes an LST ramp.
Commercial traffic includes deep draft vessels (general, break-bulk and bulk cargo),
AIWW traffic and the commercial fishing fleets. Deep-draft vessels berth at the State
Port, Morehead City and a liquid bulk terminal on Radio Island. These vessels also may
transport some military cargo for the nearby military bases and facilities.

Navy use of the Harbor centers on the embarking and debarking of Marine Corps
elements based at Camp Lejeune and Cherry Point. The Navy-owned LST ramps at
Radio Island are for this purpose. Additionally, by prior arrangement through the Naval
Port Control Office with the management of the State Port, visiting Navy ships may also
use deep water berths or the state-owned LST ramps at the port. The latter are rarely
used due to awkward approaches for vehicles. Eight deep water berths are used for
loading Navy amphibious ships. Vessels operated by or chartered to the Military Sealift
Command berth at the Aviation Fuel Terminal on Radio Island. Both the Navy and the
Military Sealift Command ships use the Port of Morehead City for their activities.

Value of Commodities. In the most recent data available from 2011, Morehead City
Harbor (including Beaufort) reported commodities handled of $575 million worth of
exports and $497 million worth of imports. These imports, along with coastwise
shipments and receipts, are required to pay into the Harbor Maintenance Trust Fund
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(HMTF), which is described below. Coastwise shipments are ocean commerce that
goes from one U.S. port to another.

Channel Portfolio Tool. The Channel Portfolio Tool (CPT), previously known as the
Channel Prioritization Tool, is a decision-support software package designed by ERDC
to assist Corps Operations personnel with Operations and Maintenance (O&M)
dredging budget development. CPT uses the Corps-use-only, dock-level tonnage
database provided by IWR's Waterborne Commerce Statistics Center (WCSC) to
provide Operations personnel with ready access to information concerning utilization of
channel depths by commercial shipping. The underlying commerce data are the same
figures that feed existing tools such as Operation and Maintenance Business
Information Link (OMBIL), but CPT allows for these data to be more fully analyzed and
viewed in more detail, as opposed to a single tonnage value for an entire navigation
project. CPT is web-accessible and provides various levels of detail, from sub-reach
level resolution all the way to Division-level consolidated statements of cargo. A
commodity flow feature allows the user to see all other US ports, channels, and
waterways used by cargo transiting a given reach. CPT has been developed in direct
response to calls from USACE-HQ for more consistent, transparent, and objective
prioritization of O&M dredging budget items, and preliminary briefings to OMB
examiners have been received favorably. Wilmington District’'s use of CPT represents
early adoption of an approach expected to be employed throughout USACE.
Representatives from the Deep Draft Navigation PCX have been briefed on CPT on at
least one occasion during a visit to ERDC. However, since CPT has been conceived as
a tool primarily for assisting Operations personnel with year-to-year O&M budgeting,
Deep Draft Navigation Planning Center of Expertise has not yet been consulted
extensively. Though still in the developmental stages, it is anticipated that CPT may
ultimately have applications beyond O&M budgeting, so ERDC developers welcome
collaboration with other potential Corps user groups. The CPT is not a planning model;
it is a tool for quickly accessing the existing Waterborne Commerce data to inform O&M
budgeting.

Therefore, the requirement for model certification would not apply. ERDC is still
validating it against the official, published WCSC figures, hence labeling it as
"developmental”. The CPT is not used in any sort of "planning” capacity within the
DMMP, but is used only to present existing data on the port of Morehead City to indicate
its importance to the Nation.

This tool is still preliminary, but information on Morehead City Harbor is now being
processed. The following table shows the average flow of tons and value at various
drafts for 2003-2010. For this time series, the data showed Morehead City Harbor
handle, on average, about 2.9 million tons of cargo having a value of almost $920
million.
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Draft | Tonnage Value

(feet) (x1K) (x1K)

Commodity traffic 44 7.5 $944
43 8.4 $2,503
42 41.6 | $14,324
41 8.6 $2,933
40 52.6 | $22,785
39 25.5 $4,753
38 69.4 | $18,590
37 67.2 | $19,492

36 124.7 | $60,354
35 149.7 | $55,370
34 119.8 | $50,003

33 58 | $95,126
All Commodity traffic drafting 32 feet or less 2,248 | $572,280
Total Traffic for Morehead City
Harbor 2,981 [ $919,457

Table 2-8. Tonnage and Value of Commaodities by Vessel Draft

Table 2-8 shows that there are about 119 tons worth about $43,500,000 in the last 5
feet of draft (40 to 44 feet). This tool will allow Morehead City Harbor to be compared to
other similar sized harbors, to see the tons and value being handled at various depths.
We do not know yet how the Morehead City Harbor will stack up against these other
ports, or how the designation of a strategic military harbor will impact the budget
process. This tool is another indicator for developing the annual operation and
maintenance budget for deep-draft harbors.

Panama Canal Expansion. The existing Panama Canal dimensions can accommodate
a maximum vessel draft of 39.5 feet (tropical fresh water), maximum vessel beam of
106 feet, and maximum vessel length of 965 feet. Presently, vessels calling at
Morehead City Harbor are limited to about 38.5 feet salt water draft if their itinerary
includes going through the existing Panama Canal. The expanded canal, which is
currently scheduled for completion in mid-2016, is designed to accommodate a
maximum vessel draft of 50 feet (tropical fresh water), maximum vessel beam of 160
feet, and maximum vessel length of 1,200 feet. Possible effects of the Panama Canal
Expansion may be a shift of vessels arriving from Asia or carrying exports to Asia to
larger or deeper draft vessels. As this restraint at the Panama Canal is lifted, larger
vessels may be able to use the additional draft at Morehead City. In other words, trade
with Morehead City would no longer be draft-limited by the Canal once the planned
expansion occurs. This would open markets in the Far East, Southeast Asia, Australia,
and the West Coast of South America to deeper-draft trade with Morehead City.

As currently maintained, the Morehead City Harbor could accommodate vessels coming
through the expanded canal to a depth of about 42 feet under normal conditions and up
to 44 feet using the advantage of high tide.
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Future Port Facilities Expansion. The North Carolina State Ports Authority owns about
250 acres on Radio Island, of which 150 acres is suitable for additional port
development. An Environmental Impact Statement (EIS) on the property, prepared in
2001, calls for construction of a marine terminal with 2,000 feet of wharf, warehouse
space, and paved open storage. The EIS also specifies dredging to bring the 45-foot-
deep Morehead City navigational channel to the face of Radio Island. These proposed
facilities can be expected to increase shipping and commerce in the Harbor, if and when
the development is undertaken.

2.1.2 Economic Viability

Morehead City Harbor serves as a significant import and export harbor for a number of
mining and manufacturing firms that are vital to the economy of North Carolina. In
addition, given Morehead City Harbor’s short entrance channel and its proximity to
important military bases, it is also a strategic, fast-strike military port capable of
launching forces, equipment and munitions. Military bases are important to the
economic and employment base for North Carolina, and the two deep draft ports of
Wilmington and Morehead City are strategic ports for the U.S. military. Continuing
development of the Global TransPark (GTP) in Kinston will increase commerce coming
through the port of Morehead City. The State is building a rail spur to a Spirit Aero
Systems facility in the GTP to allow rail connection to the Morehead City Harbor.
Airplane sections built in Kinston will be exported to Europe through the Port. This rail
spur is expected to serve additional industries as the park continues to develop. As the
recession eases and bulk shipping continues to recover, additional commerce can be
expected to use the Morehead City Harbor.

One of the requirements of a DMMP is to demonstrate that continued maintenance is
economically warranted based on high priority (non-recreation) benefits. The above
information shows the economic importance of Morehead City Harbor to the Nation, the
Region, the State and the Military. Morehead City Harbor delivers high priority National
Economic Development (NED) benefits, is a National Strategic Port and, therefore,
warrants at least 20 more years of continued O&M dredging.

2.1.3 Existing Physical Conditions

Morehead City Harbor contains one of the most accessible deep-draft ports on the east
coast of the United States. The Port is located only three miles from the open sea and
the channel is easily navigable.

As a leading exporter of phosphate, the Port features a dry-bulk facility with a 225,000-
ton capacity warehouse and open dry-bulk storage. Access to Interstates 95 and 40 is
available via U.S. Highways 70 and 17 in addition to daily train service from Norfolk
Southern.
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The Port has two 115-ton capacity gantry cranes, a container crane, 36 lift trucks, a
certified truck scale, and a constant motion rail scale. In 2007, the Port opened a new
177,000 square foot storage warehouse, which is available to house high value
commodities such as paper, steel, and lumber. The State Ports Authority also owns
approximately 150 acres of undeveloped acreage adjacent to the Morehead City
navigation channel on Radio Island.

Full-service port support is available onsite, including stevedores, agents, line handlers,
towing companies, chandlers, brokers, bankers, and marine repair facilities. All U.S.
Customs services are provided at the Port of Morehead City.

The Port is approved as Foreign Trade Zone 67. A Foreign Trade Zone allows for
storage, manipulation, exhibition, and limited manufacturing operation for cargo. The
Foreign Trade Zone can lower, defer or avoid import duties.

Morehead City Harbor is located within the confluence of the Newport River and Bogue
Sound. The average tidal range from mean high water to mean low water in Morehead
City Harbor is about 3.1 feet.

Salinity concentrations in the navigation channel through Beaufort Inlet are near sea
strength (Salinity greater than 34 parts per thousand) and range from 29.0 parts per
thousand (ppt) to 34.5 ppt depending on the sample location, tidal cycle and freshwater
discharge (Churchill et al. 1999).

2.2 Planning Requirement

The DMMP alternatives were developed in accordance with federal policy guidance
included in the Planning Guidance Notebook (Appendix E of ER 1105-2-100) regarding
the planning process and methods of analysis. The USACE planning process is
grounded in the economic and environmental Principles and Guidelines (P&G). The
P&G were set forth to provide for the formulation of reasonable plans responsive to
National, State and local concerns. The USACE planning process places specific
emphasis on sound judgment, and planners and other team members shall be guided
by common sense in applying the USACE planning process, which consists of the
following six steps:

Step 1 - Identifying problems and opportunities
Step 2 - Inventorying and forecasting conditions
Step 3 - Formulating alternative plans

Step 4 - Evaluating alternative plans

Step 5 - Comparing alternative plans

Step 6 - Selecting a plan
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2.3  Problems and Opportunities

Identification of problems and opportunities is the first step of the USACE planning
process defined by the Planning Guidance Notebook (ER 1105-2-100). This step is
very important to the overall process and is conducted in each phase of DMMP studies.
At the beginning of this final DMMP phase, the PDT discussed the issues and concerns
involving all aspects of project O&M and identified dredging and disposal needs for
each range of the Morehead City Harbor project. Environmental concerns and issues
were further identified, defined, and discussed during the initial planning efforts for the
DMMP study. Federal and State resource agency concerns, views, and input were
received during the National Environmental Policy Act (NEPA) scoping process and
during informal discussions at monthly Project Delivery Team (PDT) meetings. The
principal problems and potential opportunities are briefly addressed below. More
specific discussion of problems and opportunities is included in Section 3 (Alternatives)
of this document.

Problems.

e The USACE annually removes over one million cubic yards of material from the
Harbor and currently there is no formal plan in place that ensures that sufficient
disposal capacity is available for at least the next 20 years. Current maintenance
disposal practices, without modification, will result in the need for new or
expanded disposal sites, or modified disposal options, by 2028.

e As discussed in detail in Section 3 (Alternatives), data suggests that there has
been substantial deflation of the ebb tide delta at Beaufort Inlet.

e Beach placement areas provide essentially unlimited disposal capacity, but the
use of beaches for dredged material disposal is constrained by sediment quality,
environmental windows, and costs.

e Shoaling and urgent dredging needs may occur at times when dredging and
disposal options, such as beach placement, would conflict with acceptable
environmental windows.

e Opportunities:

e There are opportunities for the beneficial use of dredged material for
environmental purposes, including fish and wildlife habitat creation, ecosystem
restoration and enhancement, and/or coastal storm damage reduction.

¢ Placement of suitable maintenance dredged material in nearshore placement

areas along the ebb tide delta would retain sediment in the littoral system and
reduce future deflation of the ebb tide delta.
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e Use of upland disposal sites can aid in the creation and preservation of habitats
for various species of plants and animals.

e There is opportunity for implementation of a regional sediment management
(RSM) approach for dredged sediments, where dredged material is disposed of
based on beneficial and economic considerations.

Environmental stewardship is a continual goal of the USACE. The USACE is
continually challenged to determine how to conduct work in a more cost efficient
manner without adversely impacting the environment. Therefore, this Dredged Material
Management Plan is being developed as the most flexible, engineeringly sound,
economically justified plan that can be reasonably implemented, performed in an
environmentally acceptable manner. Pursuant to 33 CFR 335.4, the USACE
undertakes operations and maintenance activities where appropriate and
environmentally acceptable. All practicable and reasonable measures are fully
considered on an equal basis. This includes the discharge of dredged material into
waters of the U.S. or ocean waters in the least costly manner, at the least costly and
most practicable location, and consistent with engineering and environmental
requirements.

2.4  Key Assumptions

General. The key assumptions made for this study are that the base physical and
economic conditions will continue throughout the 20-year period of analysis, beginning
in 2016 and going through 2035.

The DMMP assumes that the Morehead City Harbor navigation project will be
maintained to the fully-authorized project dimensions. It is assumed that the North
Carolina State Port in Morehead City will remain viable and that maintenance of the
Harbor will continue at least through the next 20 years It is also assumed that there will
continue to be a demand for recreational and commercial boating and fishing
throughout the study area.

Additionally, physical surveys used throughout the report are assumed to have been
through sufficient quality control procedures when acquired to eliminate systematic
survey errors. As such, any errors associated with present and past surveys are
considered random. These random errors are considered equally distributed and are
not considered in any calculations. One exception to this is the June 2005 ebb tide
delta survey which was found to have an error associated with the data file. Due to the
limited quantity of ebb tide delta surveys available for use in this report, this survey was
adjusted and used in the delta deflation calculations. A detailed description of the
corrective measures applied to this particular survey is included in Section 3.2.4.1 of
this report.

Throughout this document, the terms "placement” and "disposal” will be used to
describe the deposition of dredged material in various locations. These terms have
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occasionally been used interchangeably, and for clarity, the Wilmington District would
like to explain what these terms mean, and what they do not. The term "disposal” has
traditionally been used in USACE documents to describe the deposition of dredged
material from navigation channels, whether that material is deposited in an upland diked
disposal area, an offshore disposal area, a nearshore area, or a beach. Recently,
USACE has continued to use the term "disposal” for deposition of material in upland
diked disposal areas and offshore sites, but has begun to use the term "placement” for
deposition of that material, particularly sandy material, in a nearshore area or on a
beach. This change of term does not indicate that USACE has changed the meaning of
the policies underlying the deposition itself. Rather, the term "placement” is intended to
acknowledge that sand is a valuable resource to inlet and littoral systems, and therefore
the common usage of the term "disposal”, which means to throw something away, is not
applicable to these situations. Therefore, throughout this document, the term
"placement” will be used when describing deposition of sandy material in nearshore or
beach locations.

It is important, however, to understand what "placement" means and does not mean.
"Placement” of dredged navigation material continues to mean deposition of that
material in accordance with the Federal standard: utilizing the least costly alternatives
consistent with sound engineering practices and meeting the environmental standards
established by the Clean Water Act Section 404(b)(1) evaluation process or ocean
dumping criteria. It does not mean that beach or nearshore material placement is
designed specifically to protect a beach, is specific mitigation for project-related effects,
or relies upon identified storm reduction or environmental benefits to justify quantities or
locations of placement. It also does not mean that beach or nearshore placement sites
will be designed to meet a specifically-designed template, or to prioritize the sand
"needs" of a specific section of beach over navigation project priorities. It is the goal of
USACE to make dredged navigation material available to meet many of these other
important priorities, and to design its projects to minimize the effects of its maintenance
dredging on adjacent shorelines and inlet complexes. To the extent that the Wilmington
District is able to beneficially use dredged material to accomplish other useful purposes
while still maintaining its obligation to meet the Federal standard for dredged material
deposition, it will continue to do so.

Sediment analyses. In an attempt to retain more maintenance dredged material in the
Beaufort Inlet system and to prolong the longevity of Brandt Island, an additional
analysis of sediment samples was conducted in 2011 to further discern the various
sediment types within the Harbor. As shown in Figure 2-2, the Harbor ranges have now
been divided into three categories: (1) fine-grained material less than 80% sand; (2)
material between 80% and 90% sand; and (3) material greater than or equal to 90%
sand. The Northwest Leg, a portion of the West Leg (referred as West Leg 1) and the
East Leg contain fine-grained sediments less than 80% sand. The eastern portion of
the West Leg (West Leg 2) and North Range C contain sediments that are between
80% and 90% sand. From South Range C out to station 110+00 of Range A, sediments
are greater than or equal to 90% sand. The area in Range A between stations 117+00
and 100+00 contains sediments that are between 80 and 90% sand and the very outer
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end of Range A beyond station 117+00 contains fine-grained sediments less than 80%
sand. The base plan for the DMMP is based on these sediment characteristics.

Inner /Outer Harbor Dredged Material Separation
Based on Percent San

Sand Content > 90%
|:| Sand Content > 80%

m Sand Content < 80%

1,500 3,000 6,000 9,000 Feet [ -
. . . . LI |:| Sand Content < 80%

N

Figure 2-2. Inner/Outer Harbor Dredged Material Separation Based on Percent Sand
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Shoaling Rates. One of the most important technical assumptions made during
development of the DMMP is the use of annual shoaling rates as the basis for dredged
material volumes, costs and required disposal capacity. Appendix C contains a detailed
explanation of how the shoaling rates were calculated. As explained in Appendix C, the
purpose of the shoaling analysis is to determine the average amount of material that is
shoaling into the navigation channel at Morehead City Harbor on an annual basis.
Shoaling rate estimates provide the most conservative approach in determining future
disposal capacity requirements because they include all material coming into the
system. In general, the shoaling rate numbers represent the greatest material volumes
that would ever be expected to be dredged from the Morehead City Harbor Navigation
Channel (assuming no funding limitations). All DMMP analyses, including sediment
volumes and costs, are based on maintaining the Morehead City Harbor channel to its
fully authorized dimensions.

Comparison of the past dredging records to the calculated shoaling rates show that the
amount of material typically dredged is less than the computed annual shoaling rates for
the channel. Past dredging quantities are constrained by several factors which result in
these volumes being less than the computed average annual shoaling rate. Some of
the factors that impact the past dredging quantities and explain the separation between
the two numbers include:

1) During the actual dredging operation the contractor assumes responsibility for the
occupied channel and any shoaling that occurs during the dredging operation.
Depending on the channel conditions, a contractor may occupy a channel for up to 10
weeks while dredging the channel to a contract template. A significant percentage of
the annual shoaling is essentially removed at no direct cost to the Government during
this contractor-occupied period.

2) As discussed in Appendix C, the shoaling rate is an annual quantity developed
through averaging changes within the channel over time. Throughout the channel, past
dredging practices have been limited by funding and as a result, the areas that
restricted the channel the greatest were dredged. The quantities removed during these
events do not represent removal of all shoaling within the channel or even all shoaling
that may impede shipping. They are simply the quantity removed with the funding
available for that dredging event. This funding-limited dredging approach results in the
actual dredged quantity being lower than the shoaled quantity for a given reach and
partially explains the difference between the computed shoaling rate and past dredged
guantities.

3) The third factor which may explain why computed shoaling rates exceed past
dredging quantities is that the shoaling rates were developed by comparing surveys
between dredging events and not by comparing surveys to a project template. Past
dredging quantities would not include material removed below a project template as this
material is defined in the contract as “non-pay”. “Non-pay” material is material that has
been dredged from an area below the dredging template given to a contractor. This
material has been removed from the channel, but the contractor is not paid for it, as it
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was outside the template provided. The dredging contract quantities do not reflect this
guantity. However, this material is captured within the annual shoaling rate calculation
and this will contribute to the differences between the shoaling rates and past dredging
guantities. To effectively evaluate both future required disposal capacity and project
costs, two sets of shoaling rates are required. The full annual shoaling rate is used
within this DMMP to ensure adequate future disposal capacity for at least the next 20
years. To more accurately calculate project costs over the life of the DMMP, a reduced
annual shoaling rate was developed. The reduced rate was computed by removing the
guantity of material from the annual rate that is typically dredged at no direct cost to the
government while the contractor occupies the channel during dredging. Dredging
records were analyzed from 1997 through 2008, and an average contract dredging
duration was calculated for each reach within the navigation channel. The conversion
of these durations into a percentage of a year for each reach enabled us to reduce the
shoaling rate by the amount that is typically dredged at no direct cost (Table 2-9). By
reducing the average shoaling rate by these amounts, we can produce a representative
shoaling rate that more closely matches the quantities used to develop past dredging
pumping costs. The “non-pay” quantities that result from a contractor dredging
allowable overdepth as discussed above are difficult to calculate, and were not

deducted from the original shoaling rate in developing the reduced rate.

The descriptions of the DMMP alternatives (Section 3, Formulation and Evaluation of
Alternative Plans) include additional technical assumptions regarding the size,
configuration, material requirements, in-place volume, and other parameters used to
estimate quantities for development of costs and for determining specific disposal site

capacities.
Representative
Avg. Contract Reduction Factor Based Shoaling Rate
Shoaling Rate Duration* (days) on Average Contract (C.Y./Year) Used for
Range (C.Y./Year) (1997-2008) Dredged Duration Economic Evaluation
Range A Suitable 630,500 65.0 82.2% 518,000
Range A Unsuitable 118,500 12.2 96.7% 114,500
Range B 171,000 39.5 89.2% 152,500
Cutoff 324,500 70.0 80.8% 262,000
Range C Suitable 80,500 48.5 86.7% 70,000
Range C & East Leg
Unsuitable 86,000 48.5 86.7% 74,500
West Leg 28,000 14.0 96.2% 27,000
Northwest Leg 80,000 45.5 87.5% 70,000

*per contract

Table 2-9. Dredged Material Quantities Used in the Development of the DMMP

Sea Level Rise. In an effort to conform to Engineer Circular 1165-2-212 (USACE
2011), an analysis of the project impacts relative to increased sea levels over the life of
the Morehead City Harbor DMMP was conducted. This circular requires that “potential
relative sea-level change must be considered in every USACE coastal activity as far
inland as the extent of estimated tidal influence.” The analysis included development of
relative sea level rise projection curves, identification of potential impact areas, and
associated risks, and establishing adaptive measures to adjust to future sea level rise.
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Using the methods published in EC 1165-2-212, relative sea level rise curves were
developed for “low,” “intermediate,” and “high” rates of future sea level change. The
“low” sea level change curve is simply an extrapolation of the observed historic sea-
level trend obtained at the Beaufort tide gauge station. The “intermediate” curve
represents sea level rise using the National Research Council (NRC) Curve | and the
“high” curve represents NRC Curve Ill. In addition to these required curves, an
additional intermediate curve was developed between NRC Curves | and Ill which
represented NRC Curve Il.

The Beaufort tide gauge used in this analysis is a long-term data gauge with a 53-year
data record used to develop the mean sea level trend seen in Figure 2-3. In addition,
the Beaufort gauge is the datum used during dredging of the Morehead City Harbor
navigation channel to establish mean lower low water depths. As shown in Figure 2-4,
the gauge is located within approximately one mile of the navigation channel and should
provide an ideal representation of historic sea level rise affecting the channel.

Figures 2-5 and 2-6 are the sea level rise curves developed in response to EC 1165-2-
212. The curves cover the 20-year duration of the DMMP, beginning in calendar year
2016. Figure 2-5 contains the sea level rise curves based exclusively on the currently-
estimated value for global sea level rise which is 1.7 mm/year. Presenting these curves
on the same graph shows the extreme variation between the historic rates extrapolated
over twenty years to the most aggressive sea level rise prediction seen in NRC Curve
lll. The historic rate extrapolation produced a sea level rise increase of 0.034 meters
(1.34 inches) by the year 2035 while using NRC Curve 1l predicts a sea level rise over
the twenty year project of approximately 0.183 meters (7.20 inches), or a 0.149 meter
(5.87 inches) difference.

The curves shown in Figure 2-6 include the global eustatic sea level rise plus increases
due to isostatic changes. The trend computed from measured historic data at the
Beaufort tidal gauge represents a combination of the eustatic and isostatic changes
impacting Beaufort Inlet and as such is a more appropriate tool in predicting local sea
level changes. The trend established at the Beaufort gauge shows that sea level
change, on average, has been 2.57 mm/year over the previous 53 years of recorded
data at Beaufort Inlet. This is approximately 0.87 mm/year larger than the 1.7 mm/year
value used to estimate global sea level rise. Projecting the observed sea level rise rate
over the 20-year period of analysis for the DMMP shows an increase of 0.051 meters
(2.01 inches) when looking at the historic curve extrapolation. The increase found using
the NRC curve Il projection is approximately 0.201 meters (7.91 inches). The variation
of sea level change values between the historic projection and the use of NRC Curve llI
remains relatively unchanged at 0.15 meters (5.91 inches), the same variation predicted
when using the eustatic values only.

In examining the applications and potential risks of sea level rise as it applies to this

DMMP, it was found that the project has limited exposure to the effects of sea level rise
and no associated risks. The project consists of dredging the Morehead City Harbor
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navigation channel with disposal of dredged material in the most suitable locations to
minimize impacts of the dredging operations on the littoral system. The areas of the
project exposed to the effects of sea level rise include: 1) increased water levels within
the navigation channel; 2) increased water levels within the nearshore placement area
and Ocean Dredged Material Disposal Site (ODMDS); 3) increased water levels along
the adjacent beach placement areas; and 4) increased water levels along the berthing
areas of the Port of Morehead City.

The exposed areas of the DMMP discussed above would have no negative impact
related to sea level rise over the life of the project for several reasons. Dredging
guantities within the navigation channel are determined by maintaining minimum
authorized depths which vary throughout the authorized channel. Water level increases
would not impact dredging quantities due to the fact that the same depths as related to
mean low water would be maintained. Even though water level heights would increase
over the life of the project, dredging depths would remain constant below the new mean
low water surface elevations. Conversely, when considering the nearshore placement
and ODMDS increased water levels would provide additional storage capability,
however minor, within these areas which would be viewed as a minor benefit of sea
level rise. Both the east and west nearshore placement areas extend to approximately
the -17° NAVD contour, which would accommodate placement of material further
landward as sea levels increase. Modification of future placements further landward as
the project progresses may be necessary to continue to make efforts to place material
within the active littoral zone. Along the adjacent beaches of Bogue Banks which have
been established as potential placement areas for beach quality dredged material,
water level increases would slightly impact the project. The design of the dredged
material beach placement is partially based on the current height of the berm within the
potential beach placement areas. The current berm height within this area is
approximately 6 NAVD. As water levels increase over the life of the project, the berm
heights within this area will naturally adjust higher to a stable profile. Future placements
will need to be adjusted to the new berm heights to ensure smooth transitions between
the existing beach and future beach disposals. Adjustments would not impact future
costs due to the fact that surveys are obtained prior to the design of each beach
disposal template using current design practices. These surveys provide all necessary
information needed to accommodate the natural berm height adjustments relative to
future sea level rise. The fourth potential impact of sea level rise noted was the
increased water levels along the berthing areas of the Port of Morehead City. The most
aggressive sea level rise projection obtained from NRC Curve lIll indicates an increase
of 0.201 meters or nearly 8 inches at the end of the 20-year DMMP. No adjustments to
the DMMP were made to account for the change of water depths at the berthing areas
because one of the assumptions is that the Port of Morehead City will remain viable
throughout the DMMP lifecycle. It is assumed that necessary adjustments to the Port to
accommodate sea level rise will be made by the NCSPA as part of its maintenance and
expansion efforts.
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2.5  Future Without Project Condition

The projected future conditions in the absence of a management plan, or the No Action
Plan, represent the continued maintenance of the Morehead City Harbor without a
DMMP. Until approval of the IOP in 2009, the disposal plan included disposal in and
pumpout from Brandt Island. However, as evidenced by the last pumpout in 2005,
Brandt Island contains large quantities of fine-grained material in addition to coarse-
grained material. Due to the presence of these fine-grained sediments in Brandt Island
and the high cost to separate this material from the remaining coarse-grained material,
it is no longer economically feasible to do the Brandt Island pumpouts. This change in
management of dredged material from the Harbor resulted in the determination that a
DMMP was needed. Until the DMMP could be completed, an interim plan was
implemented to address updated dredged material data and the Brandt Island issue.
The IOP is the interim plan. For purposes of this report, the I0P is considered the No
Action plan. This means that existing disposal practices as approved in the IOP would
continue, that existing sites would not be modified or expanded, and no new sites would
be constructed. The current dredged material disposal methods, as described in
Section 2.1 (Existing Conditions), would continue as long as the currently-used disposal
sites remain viable. In summary, all dredged material from Morehead City Harbor would
continue to be disposed of in Brandt Island until it reaches capacity in 2028, on nearby
beaches, in the existing nearshore placement site, or in the ODMDS.

Without the DMMP, there would be no comprehensive approach for managing dredged
material or for meeting disposal needs. The DMMP identifies long-term disposal
options for meeting dredged material disposal capacity needs for the Morehead City
Harbor over a 20-year planning period. These disposal options comprise the least
costly plan that is consistent with sound engineering practices and meets all federal
environmental requirements. The DMMP complies with NEPA requirements by
providing an assessment of the environmental impacts associated with implementation
of the recommended dredged material management alternatives. Without the DMMP,
planning for the disposal of dredged material would continue on a case-by-case basis.
The following conditions may exist without the DMMP:

* Reduced reliability for navigation of the Harbor

* Less efficient budget planning

« Difficulty in maintaining adequate navigable depths in a timely manner

* Longer response time for dealing with urgent shoaling situations

* Less efficient expenditure of public funds for Harbor O&M

* Repeated regulatory compliance reviews and approvals for similar O&M activities
* Greater difficulty in identifying and evaluating cumulative environmental effects

Inefficient budgetary planning and expenditure of public funds can lead to under-funding
for important programs. Inability to maintain the Harbor to authorized depths in a timely
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manner can negatively impact commercial and recreational usage of the Harbor and
indirectly impact economic benefits to business and tourism interests. Repeated
regulatory reviews and approvals for similar dredged material management activities
can impact maintenance schedules and unnecessarily increase the review time
commitment for regulatory agencies. Finally, continued maintenance of the Harbor
without a DMMP would not meet the federal requirement that every federal navigation
project have a DMMP that demonstrates dredged material disposal capacity for a
minimum of 20 years.

2.6 Goals

Identification and consideration of the problems and opportunities of the study area in
the context of federal authorities, policies, and guidelines resulted in the establishment
of the following goals:

e Develop a 20-year plan for disposal of dredged material from Morehead City
Harbor that is economically warranted, cost effective, environmentally acceptable
and uses sound engineering techniques (ER 1105-2-100).

e Increase the effectiveness of navigation Operation and Maintenance funds
expended.

e Develop solutions that are protective of the environment through avoidance or
minimization of impacts to cultural resources and natural resources, including
fisheries, invertebrates, shorebirds, marine fish, marine mammals, and their
habitats.

2.7  Constraints
e Applicable federal laws

e Applicable USACE policy and guidance, including, but not limited to the following:
o DMMPs shall be conducted pursuant to existing authorities for individual
project operation and maintenance, as provided in public laws authorizing
specific projects. Where management plan studies disclose the need to
consider expanding or enlarging existing projects, such studies may only
be pursued under specific study authority or under Section 216 of the
Flood Control Act of 1970.

o Studies of project modifications needing Congressional authorization,
including dredged material management requirements related to the
modification, will be pursued as cost-shared feasibility studies with
General Investigations funding. Where the need for such modifications are
identified as part of dredged material management studies, operation and
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maintenance funding for the study of the modification should be
terminated and a new feasibility study start sought through the budget
process under the authority of Section 216 of the Water Resources
Development Act (WRDA) of 1970.

3 ALTERNATIVES
3.1  No Action Plan (No DMMP)

The “No Action” alternative is used as a basis for comparison to the recommended or
base plan. Because the study goal is to develop a plan to ensure dredged material
disposal capacity for at least the next 20 years, the consequences of no action (i.e. no
plan to ensure sufficient dredged material disposal capacity from 2016 to 2035) are
particularly important because they define the need for the DMMP.

Until approval of the IOP in 2009, the disposal plan included disposal in and pumpout of
coarse-grained material from Brandt Island. The Brandt Island pumpout served two
purposes; it renourished local beaches and restored capacity in Brandt Island. When
that plan was no longer feasible, it was determined that a DMMP was needed and an
interim plan was implemented to address updated dredged material data and the Brandt
Island issue. The IOP is the interim plan. Although the IOP is intended to be an interim
plan, it is the only plan that has been approved by resource agencies and stakeholders.
Implementation of the IOP beyond the three years for which approval was obtained has
required further coordination, but only results in a three-year approval.

The No Action Plan would neither ensure that a 20-year disposal capacity exists for
maintenance of Morehead City Harbor, nor ensure that disposal was being
accomplished in the least costly manner, consistent with sound engineering practices
and meeting environmental standards. Additionally, continuing to return sand to one
side of the inlet, when both sides are losing sand, is not a good long-term engineering
practice.

3.2 Formulation of DMMP Measures

Pursuant to 33 C.F.R. 8§ 335.4, the USACE undertakes operations and maintenance
activities where appropriate and environmentally acceptable. All practicable and
reasonable alternatives are fully considered on an equal basis. This includes the
discharge of dredged or fill material into waters of the U.S. or ocean waters in the least
costly manner, at the least costly and most practicable location, and consistent with
engineering and environmental requirements. Pursuant to 33 C.F.R. § 335.7, we
conduct our navigation according to the Federal Standard, which is the dredged
material disposal alternative or alternatives identified by USACE which represent the
least costly alternatives consistent with sound engineering practices and meeting the
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environmental standards established by the 404(b)(1) evaluation process (Appendix H)
or ocean dumping criteria.

The objective of the DMMP is to provide the least cost, engineeringly sound,
environmentally acceptable alternative for disposal of maintenance dredged material
from Morehead City Harbor for at least the next 20 years. Beneficial uses of dredged
material are powerful tools for harmonizing environmental values and navigation
purposes. It is the policy of the USACE that all dredged material management studies
include an assessment of potential beneficial uses for environmental purposes including
fish and wildlife habitat creation, ecosystem restoration and enhancement and/or
coastal storm damage reduction. Several of the measures considered for the DMMP
represent beneficial uses of dredged material.

This section presents a detailed description of the measures that have been developed
for evaluation in the DMMP, and a brief description of measures that were eliminated
from further study and the justification for their elimination. The Morehead City Harbor
plans were formulated and categorized based on various sediment types and their
location within the Harbor. As shown in Figure 2-2, the Harbor ranges have been
divided into three categories: (1) fine-grained material less than 80% sand; (2) material
that is between 80% and 90% sand and; (3) material that is greater than or equal to
90% sand.

On March 4, 2009, a public meeting was held to brief attendees on the Morehead City
Harbor DMMP project and process, to solicit comments and input, and to invite
attendees to participate on the Project Delivery Team (PDT). Attendees included
representatives from state and federal resource agencies, interest groups, and
stakeholders. Several attendees expressed an interest in participating on the PDT and
have actively participated in the development of the DMMP. The PDT members are
listed in Section 13 (Project Delivery Team). In addition to the public meeting and
involvement by various resource agencies and stakeholders in the planning process,
the USACE has also coordinated with the National Park Service regarding potential
DMMP measures that may impact Cape Lookout National Seashore and in February
2011, NPS formally became a cooperating agency on the DMMP (Appendix D).
Additional information regarding coordination is included in Section 5.1, NEPA
Documentation and Coordination, and copies of all pertinent correspondence are found
in Appendix D. Following identification of problems and opportunities, the PDT
identified 21 potential DMMP measures (Table 3-1) for the Morehead City Harbor
DMMP which resulted in over 100 dredging and disposal options to be analyzed for
inclusion in the base plan (Tables 3-16 thru 3-20). Table 3-1 also identifies the
beneficial use options that were considered. Analysis and screening of the measures
during the plan formulation process resulted in the elimination of several of the disposal
measures. The measures that remain feasible are described in detail in the following
sections and are the basis for the proposed base plan. Those measures that were
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eliminated are discussed in Sections 3.2.6 (DMMP Measures Eliminated) and in Section
3.5.1 (Trade-Off Analysis) and were not further analyzed.

Morehead City Harbor DMMP Alternatives & Measures
# Description Beneficial
Use
1 | No Action (No DMMP) NA
2 | Proposed DMMP (Measures Considered) NA
a | Brandt Island upland disposal site No
b | Place coarse-grained material (290% sand) on Bogue Banks Yes
¢ | Morehead City Ocean Dredged Material Disposal Site (ODMDS) No
d | Expand nearshore (ebb tide delta) placement area west of
Beaufort Inlet ves
e | Create nearshore (ebb tide delta) placement area east of
Beaufort Inlet ves
f | Place Inner Harbor material 280% sand in nearshore placement Yes
areas
g | Expand and raise Brandt Island dike No
h | Raise existing Brandt Island dike (no expansion) No
i | Transfer Brandt Island material to ODMDS to regain capacity No
] Recycle_ Material in Brandt Island through Hydrocyclone Density Yes
Separation
k | Place coarse-grained material (290% sand) on Shackleford Yes
Banks
I Continu_e to use existing nearshore placement area (no ves
expansion)
m | Modify environmental windows No
n | Construct colonial waterbird islands Yes
o | Dispose of dredged material in Radio Island No
p | Dispose of dredged material in Marsh Island No
g | Use dredged material to create wetlands Yes
r | Construct new upland disposal site No
s | Brandt Island shoreline stabilization Yes
t | Construct jetties at Beaufort Inlet No
u | Modify existing groin on west side of Beaufort Inlet No
v | Realign channels to improve navigation and reduce dredging No

Table 3-1. Morehead City Harbor DMMP Alternatives and Measures

Final Morehead City Harbor DMMP and EIS 45



3.2.1 Brandt Island

Brandt Island is approximately 168 acres in size and located south of the existing Port
of Morehead City, across the Morehead City Harbor Channel (Figure 1-3). The Island
has been used as a disposal area since 1955 and is divided from the Bogue Banks
barrier island by the narrow Fishing Creek. Immediately to the southeast is the Fort
Macon U.S. Coast Guard facility and Fort Macon State Park.

Brandt Island is owned and has previously been used as a sand-recycling site by the
North Carolina State Ports Authority and dedicated for the purpose of dredged material
disposal. Brandt Island has a present capacity of about 3 million cubic yards. In 1986,
1994, and 2005 approximately 3.9 million, 2.5 million, and 2.9 million cubic yards,
respectively, of dredged material were pumped out of Brandt Island and disposed of on
the beaches of Bogue Banks from Fort Macon State Park to Atlantic Beach.

Brandt Island has historically received material that is both suitable and unsuitable for
beach disposal. In 2005 a cross dike was constructed inside Brandt Island at an
elevation of 14 feet mean sea level (msl) for purposes of segregating the unsuitable
material from the coarse-grained material suitable for beach disposal. However, as
previously stated, due to the problems associated with the last Brandt Island pumpout in
2005, since that time, only fine-grained dredged material has been disposed of in
Brandt Island. Coarse-grained material has been placed on the beaches of Fort Macon
State Park and Atlantic Beach, in the existing nearshore placement area west of
Beaufort Inlet (Nearshore West), in the ODMDS, or on Pine Knoll Shores (Figure 1-5,
west of Atlantic Beach) as part of a beneficial use of dredged material project (Section
933). There are no plans for future pumpouts from Brandt Island to the beach.

The existing Brandt Island disposal area encompasses approximately 64 acres and has
a controlling top of dike elevation of approximately 37 feet msl. It is assumed that 2 feet
of freeboard will be required at all times during disposal operations and water and
dredged material will not be allowed above elevation 35 feet msl within the disposal
area. The existing available storage volume below elevation 35 feet msl is
approximately 3 million cubic yards.

Management of Brandt Island. Brandt Island is currently being operated in a one-cell
configuration with only fine-grained material from the Inner Harbor being disposed of
there. The PDT considered modification of future disposal practices at Brandt Island, by
only disposing of fine-grained silty material from portions of the Northwest and West
Legs in Brandt Island rather than using it for disposal of all material from the Inner
Harbor, including all of the East Leg and North Range C. The eastern half of the West
Leg (referred to as West Leg 2) and North Range C contain a mix of fine-grained and
coarse-grained material that is 280% sand. Because these portions of Inner Harbor
contain higher percentages of sandy material than other areas of the Inner Harbor, the
draft DMMP evaluated an option to keep this sandy material in the littoral system by
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placing it in the Nearshore West (existing and expanded) and in the proposed
nearshore placement area off of Shackleford Banks (Nearshore East). Due to
comments received on the draft DMMP that disfavored use of 80%-90% sand in
nearshore areas, this option has been eliminated. It is expected that Brandt Island will
reach capacity in 2028. This is based on disposal of the following approximate
guantities: 15,000 cubic yards annually from the non-federal berths, 512,000 cubic
yards from the federal channel every 3 years, and 75,000 cubic yards from the Fort
Macon Coast Guard Station every 6 years. Potential measures that would extend the
life of Brandt Island were considered as discussed below. Two dike alignments with
varying dike heights were analyzed. One option considered dike raises to elevations
42, 47’, 52" and 55’ along the present alignment. However, as discussed in Section
3.2.6, DMMP Measures Eliminated, raising the dikes along the current alignment is not
economically justified. Other measures considered an expanded alignment with dike
raises also to elevations of 42’, 47’, 52’ and 55’. An expanded dike would have the
standard 15-foot top width and 3 horizontal to 1 vertical side slopes. The dike alignment
would be adjusted as needed to minimize the amount of fill required. The toe of the
expanded dike alignment would be designed to avoid wetlands and to also allow a
construction buffer (work area) adjacent to the toe. Specific information for the
subsurface investigation, lab testing, dike design, and the stability analysis are
contained in the Geotechnical Appendix B.

3.2.2 Beach Placement

Area of Inlet Influence. As part of the Morehead City Dredged Material Management
Plan (DMMP) it is necessary to establish the areas along the adjacent beaches that are
influenced by the ebb tide delta of Beaufort Inlet. This zone of influence is used to
determine the future placement limits for material dredged from the system, with the
intention of maintaining the health of the ebb tide delta and retaining material within the
natural littoral zone. Determination of the zone of influence was established at the
positions along both beaches where it appeared the profile had reached equilibrium and
consistent offshore closure was found.

Figure 3-1 displays the approximate limits of the inlet influence area along Bogue
Banks. Based on review of surveys taken in April 2001, the influence of Beaufort inlet
seems to end approximately between stations 59 and 60. Inset into Figure 3-1 are
three figures showing a close-up view of an area near the inlet, Inset A; a magnified
view of the west end of the inlet influence area, Inset B; and a magnified view of the
center of the inlet area of influence, Inset C. These inset figures show the -20, -25, and
-30 feet contours and the approximate distances between the contours at each end of
the inlet influence area. Inset A shows the contours with a large amount of separation
between them as well as significant curvature of the contour lines. Inset B shows that in
this area the contours are relatively straight and parallel to the shoreline with much less
distance separating the contours when compared with inset A. The profile graph
included in Figure 3-2 displays profiles along Bogue Banks from Profile 107 near the
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inlet through Profile 59. To improve clarity, not all profiles within the area of inlet
influence are displayed; however, the profiles chosen show the gradual steepening of
the offshore portion of the profile as they progress west. The onshore portion of the
beach seems to be at a relatively stable slope throughout this area, indicating that the
steepening of the offshore portion of the profile is not translating to the shoreline.
Consistent offshore closure is reached in the region of profiles 59 and 60, approximately
10.5 miles west of Beaufort Inlet. This area of influence from Beaufort Inlet is
significantly farther west than the location of the sediment transport rate nodal point
identified in the USACE Section 111 Report (USACE, 2001), which concluded the nodal
point is located about 2.3 miles west of the inlet. Further monitoring of profile change
within this region of inlet influence is needed to determine if the influence area is
reducing due to deflation of the ebb tide delta.

The inlet area of influence for Shackleford Banks is shown in Figure 3-3. The same
methodology used to determine the influence zone for Bogue Banks was used in
determining the zone for Shackleford Banks, however, the survey used was more
recent June 2008 data (Geodynamics, 2008). The analysis showed that consistent
depth of closure was reached between profiles 293 and 249, approximately 4 miles east
of the inlet. This location almost exactly matched the location of the sediment transport
rate nodal point, which was found to be approximately 3.75 miles east of the inlet in the
Section 111 Report (USACE, 2001).
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Figure 3-1. Bogue Banks Area of Inlet Influence
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Figure 3-2. Bogue Banks Profiles

Final Morehead City Harbor DMMP and EIS 50



june2008he
Elevation
il 24-28
B 20-24
B 1s-20
B 216
-2
4-8
0-4
4-0

S.B. Ebb Tide Delta Area

— 5B 345 2008 June Freerman Aligned
—— 5B 322 2008 June Freeman Aligned
—— SB 283 2008 June Freeman Aligned

SB 272 2008 June Freeman Aligned
~—— SB 243 2008 June Freeman Aligned

-4

Elevation (ft)

18-~

20 --
B 24--
B s --
| EEE
B 36 -
Il <0--
| BB
| EiR

Consistent offshore closure
(Profiles 293, 272, 249)

501348

1000 2000

Distance Offshere (ft)

ussiope, and the @IS User Cerivnunly

1,500 3,000

Figure 3-3. Shackleford Banks Area of Inlet Influence

Final Morehead City Harbor DMMP and EIS

51




One measure which has been used historically for disposal of coarse-grained material
(greater than or equal to 90% sand) dredged from the Morehead City navigation
channel is beach placement along various sections of Bogue Banks. One reason for
this was to offset potential impacts to the adjacent shorelines by placing some of the
coarse-grained material on the beach. In the Winds, Waves, and Shore Processes
appendix of the USACE 1976 General Design Memorandum for deepening of portions
of the project to 42 feet, it was determined that "channel deepening has definitely
decreased natural by-passing of sediment across the Beaufort Inlet Ocean Bar"
(USACE 1976). At that time, although the primary erosive effects of the deepening
were thought to be experienced on Shackleford Banks, the decision was made to
periodically pump Inner Harbor material from Brandt Island onto the Atlantic Beach
shoreline. This was done in order to offset potential impacts of the navigation project to
beachfront development along Bogue Banks. The amount to be pumped out, an
anticipated annual equivalent of 135,000 cubic yards a year, was predicted to be
"sufficient to stabilize" the Atlantic Beach shoreline. It should be noted that Shackleford
Banks is managed by the National Park Service (NPS). Although new information
regarding navigation channel impacts on Shackleford Banks has caused the NPS to
investigate the beach disposal option in compliance with its policies, disposal of material
on Shackleford Banks was previously considered not consistent with NPS Management
Policies (2006). Therefore no material has been disposed of there to date. The 2001
Section 111 Report examined whether the Morehead City Harbor project had adversely
impacted adjacent beaches and concluded that placement of sand on the beaches of
Fort Macon State Park and Atlantic Beach was "an integral part of the operation and
maintenance of the project,” and that the placement of approximately 5 million cubic
yards of material between 1978 and 2001 "provided more than adequate compensation
or mitigation for this possible impact” (USACE 2001).

Material has been placed on Bogue Banks in various locations on 11 occasions by the
USACE since the deepening of the channel in 1978. The total quantity placed to date
by the USACE is approximately 16,900,500 cubic yards and is summarized in Table 3-
2.

Placement| Channel Depth Date Quantity Location Source

1| -40 feet m.l.w 1978| 1,179,600|Ft. Macon State Park Shoreline Navigation Channel
2| -40 feet m.l.w 1986| 4,168,637|Eastern 3.6 miles of Atlantic Beach [Brandt Island/Navigation Channel
3| -45 feet m.l.w 1994| 4,664,400|Ft. Macon and Atlantic Beach Brandt Island/Navigation Channel
4] -45 feet m.l.w 2002 209,300|Ft. Macon Navigation Channel
5| -45 feet m.l.w 2004 776,000(|Salter Path/Indian Beach Navigation Channel
6| -45 feet m.l.w 2004/2005| 2,920,729|Ft. Macon and Atlantic Beach Brandt Island
7| -45 feet m.l.w 2007 509,566|Pine Knoll Shores Navigation Channel
8| -45 feet m.l.w 2007 184,828|Eastern Ft. Macon Inner Harbor
9| -45 feet m.l.w 2008 148,393|Just west of Atlantic Beach Town LijAIWW

10| -45 feet m.l.w 2010/2011| 1,346,700|Ft. Macon and Atlantic Beach Navigation Channel

11] -45 feet m.l.w 2013/2014 792,354|Ft. Macon and Atlantic Beach Navigation Channel

Table 3-2. Summary of Dredged Material Placement on Bogue Banks
As part of the DMMP, an evaluation of possible placement locations and quantities

along Bogue and Shackleford Banks was made. The premise of the evaluation was to
determine the annual volume loss of the eastern end of Bogue Banks between stations
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77 and 112 (Figure 3-4) and along the western end of Shackleford Banks between
stations 293 and 460 (Figure 3-5), some of which could be related to the dredging of the
navigation channel. These loss rates were used to determine the optimal quantity from
future dredging events to ameliorate the future losses computed on the eastern and
western ends of the adjacent islands. The area along Bogue Banks analyzed to
determine volumetric change was established based on the historic beach placement
areas for the navigation project. The USACE Section 111 report (USACE, 2001)
determined that the historic beach placement activities have more than ameliorated any
shoreline impacts that may be related to the dredging of the navigation channel.
Additionally, the Section 111 report determined that there were no significant changes
to the shoreline recession rate beyond the Atlantic Beach town limits that are related to
the navigation project. As a result of this determination, mitigation for the remainder of
the island was not warranted. The region of the beach along Shackleford Banks used
to determine associated volumetric losses was determined based on the results from
the sediment transport studied included in the Section 111 report. This study found that
rates were predominately westerly through the western 16,600 feet of the island.
Beyond this distance there was some variation between easterly and westerly transport.
The 16,600 foot distance approximately corresponds to the area between stations 293
and 460 along Shackleford Banks. The following volumes computed for these areas do
not separate volume loss resulting from the navigation channel from the loss that would
naturally occur with no project in place. Given the length of time that the navigation
project has been in place at Beaufort Inlet, there was insufficient data available pre-
project to determine the natural background erosion rate. As a result, the loss volumes
calculated and corresponding beach disposal quantities are conservative.

ESWatlantic/Beach'
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Figure 3-4. Bogue Banks Volumetric Analysis Area

Final Morehead City Harbor DMMP and EIS 53



¥  Historic Profile Locations

0 500 1,000 2,000 3,000 Feet
| e S|

Sepiamber 90 PheRgry
Figure 3-5. Shackleford Banks Volumetric Analysis Area

Volumetric analysis of the east end of Bogue Banks, including Atlantic Beach and Fort
Macon shorelines, was based on a collection of eight surveys including: December
2003, June 2004, May 2005, May 2006, May 2007, July 2008, June 2009 and the most
recent survey of June 2010. Surveys within this area are typically spaced 1000 feet
apart on the beachfront portions of the island with a tighter typical spacing of 500 feet
near the inlet complex. Offshore coverage typically extends to approximately 2000 feet
offshore; offshore coverage is greater with the most recent surveys (since 2006)
extending out to 2500 feet and beyond (Figure 3-6).

The beach profile surveys were analyzed using BMAP (Beach Morphology Analysis
Program) (Sommerfield 1994) to determine unit volume changes over time for each
profile of interest. Volumes were calculated between landward and seaward points
common to all surveys at the individual profile locations. These locations varied along
the beach depending on the available survey coverage.

To illustrate trends in volume change within the eastern end of Bogue Banks, Figure 3-7
shows the volume change over time with respect to the base year survey of December
2003. The values for each displayed time period within the graph are the total
measured volume changes for the eastern end of the island included in the analysis
(Station 77-112) relative to December 2003. This type of plot allows comparison of
volumetric changes over time as well as comparison of volumetric changes from survey
to survey. To account for a small disposal of material (184,828 cubic yards) along the
beach at Fort Macon, this quantity was subtracted from all volumetric measurements for
each of the surveys following the March 2007 disposal. Two things are clearly shown
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within Figure 3-7. The first is the impact of the Brandt Island pumpout which occurred
between November 2004 and February of 2005 and placed nearly 2.4 million cubic
yards of sand along Bogue Banks. The result of the placement was an increase in
volumetric quantities within the analysis area as related to the December 2003 survey.

The second item that is clear from Figure 3-7 is the substantial loss of material along
the eastern end of the island following the Brandt Island pumpout operation through
June 2009. The most recent survey in June 2010 shows a slight increase in volume
within this area, reversing the most recent trend. Losses within the region between the
first post-fill placement survey and the most recent survey of June 2010 show that the
area has lost approximately 916,600 cubic yards of material in total. Due to the limited
number of historic surveys along the existing baseline stationing scheme prior to the
beach placement in 2004, the loss rate for the area was computed using the May 2005
through June 2010 surveys exclusively. This was done by computing a least-squares
regression through the volumetric data for these years. The results of the regression
analysis found that the area of Atlantic Beach and Fort Macon is eroding material at a
rate of approximately 218,800 cubic yards per year.

Figure 3-8 displays the volumetric changes since December 2003 for each profile within
the volumetric analysis area for Bogue Banks. This plot clearly shows the influence of
the 2004 beach placement and the subsequent erosion of the material. Volumetric
change displayed within the figure shows that a section of the western end of the
analysis area (Stations 93-104) has eroded rapidly following the beach placement while
the surrounding areas have remained somewhat stable following placement. This area
of more rapid erosion is approximately centered on the nodal transport zone identified in
the Section 111 report. The stability of the surrounding areas may be related to the
diffusion of material disposed of between Stations 93 and 104 toward the eastern and
western ends of the area of interest.
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Figure 3-8. Bogue Banks Volume Loss by Station

Volumetric analysis of Shackleford Banks is based on a more limited survey database,
consisting of only five surveys. The surveys included in the analysis were the October
2000, May 2006, June 2008, August 2009, and the April 2010 survey, which had
relatively consistent onshore and offshore coverage. The spacing of the profile
coverage along Shackleford Banks is more irregular than on Bogue Banks with the
spacing varying between 1,500 and 2,700 feet. Offshore extent of the survey coverage
varies from approximately 2,700 feet to more than 5,000 feet with coverage being
greater near the inlet and reducing toward the middle of the island (Figure 3-9).

The beach profile surveys at Shackleford Banks were analyzed in the same way the
profiles along Bogue Banks were analyzed. Volumes were calculated between
landward and seaward points common to the surveys at each profile location above a
common datum. To develop the annual volumetric change along the western end of the
island (Stations 293 to 460), the computed volumes were compared and plotted relative
to the base year condition of October 2000 (Figure 3-10). These calculations show that
the area between Stations 293 and 460 included in this analysis has lost approximately
1,516,800 cubic yards of material since the base year survey of October 2000. As seen
in Figure 3-10, the western end of Shackleford Banks has lost material each year
surveyed, with no indication of stabilization as recently observed along the western end
of Bogue Banks. A least-squares regression computed through these computed
volumetric changes shows the loss is approximately 166,450 cubic yards per year over
the 9.5 years included in the analysis.

Figure 3-11 displays the volumetric changes relative to the October 2000 survey for
each profile along Shackleford Banks. From this plot it is clear that the majority of the
island has experienced a net loss of material since October 2000, with the most
significant erosion occurring in the western portion of the island at Station 424. The
eastern end of the island, between Stations 41 and 59, has actually experienced
volumetric increases since October 2000.
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Figure 3-10. Shackleford Total Volume Loss (Stations 293-460)
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Figure 3-11. Shackleford Banks Volume Loss by Station

The current recommendation for future beach placement operations along Bogue Banks
is that such placement should be based on the volumetric loss within the area of Atlantic
Beach and Fort Macon, subject to reasonable cost and pumping distance limitations. It
is recommended that future beach disposal operations place material primarily between
Stations 77 and 107 (Figure 3-12) as the base location. Material in excess of the
amount needed to offset losses between stations 77 and 107 would likely be disposed
of farther west in areas within a reasonable pumping distance that have experienced a
loss of material. The quantity and location of future disposal events will be based on
changes observed through the monitoring program and should be sufficient to
ameliorate non-storm-induced losses that have occurred between beach disposal
operations. Dredged material quantities and placement locations will be subject to
navigation priorities and the limitations of available funding for dredging the navigation
channel and will fluctuate from year to year. On occasion, local interests may fund,
through an Additional Work Memorandum of Agreement (MOA), the movement of the
placement area to areas within the Inlet Influence area that are farther west than the
USACE would typically place that material with federal funds.

Although the NPS has declined placement of sand on Shackleford Banks, such
placement was analyzed as part of this DMMP, and the results and recommendations of
the USACE regarding such placement are provided in this document as a record of
those USACE recommendations.

Disposal of material along the beaches of Shackleford Banks should also be based on
the volumetric loss measured between placement events. Figure 3-13 displays the
potential area designated for placement of beach quality sand. The potential placement
area is slightly east of the area used to determine volumetric changes. This eastward
offset is necessary to reduce rapid shoaling of the material directly back into the
navigation channel while still providing sufficient beach length to place the necessary
guantities. Material placed of within this area would be subject to the predominant
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westerly transport rates which will naturally move material toward the westernmost part
of the island that does not receive sand.

Future placement of material within the designated limits along Shackleford Banks
would be monitored to measure its impact on shoaling rates within Beaufort Inlet.
Adjustments to fill quantities and placement locations within the designated areas along
Shackleford Banks would be made to minimize impacts on inlet shoaling patterns.
Although this analysis recommends placement of sand on Shackleford Banks to reduce
impacts from the maintenance dredging of Beaufort Inlet, the NPS has requested that
no beach-quality dredged material be placed on Shackleford Banks as part of this
DMMP; therefore all beach quality sediment will be placed on the previously described
area of Bogue Banks during beach placement events (typically every three years).

Comparison of the volumetric losses calculated earlier in this section shows that the
recent loss trends for both islands are relatively similar. The loss rate for the Bogue
Banks side of the inlet is approximately 218,800 cubic yards per year, while a similar
loss rate along Shackleford Banks of 166,450 cubic yards per year was also calculated.
These annual losses, when converted to percentages, show that 57% of the material is
lost from the Bogue Banks side of the inlet, and 43% of the total losses come from the
Shackleford Banks side. With this approximate 57/43 split of sediment entering the
navigation channel from both the east and west, material should be returned to the
beaches in similar ratios during future beach placement operations. Following the initial
placements, these ratios would have been reevaluated based on the performance of the
material placed. This reevaluation would have occurred just prior to future disposal
events to ensure equitable distribution of available material to both islands. The
National Park Service (NPS) is the agency responsible for the management of
Shackleford Banks, and initially determined that only the quantity of material lost from
the island as a result of the navigation channel can be returned to the beaches of
Shackleford Banks. Based on the NPS initial decision, quantities for the initial fill would
have been determined based on discussions with the NPS prior to dredging operations
and would not have exceeded the three-year historic loss rate volume of 499,350 cubic
yards. The maximum amount of material that would have been placed along the
beaches of Shackleford Banks following the initial fill would have been the historic
volumetric erosion rate of 166,450 cy/year multiplied by the duration between beach
placement events, with the potential that any dredged quantities in excess of that
amount could be placed west of the described base placement area on Bogue Banks
(Station 77-107). Figure 3-12 also displays the extended beach placement area for any
excess material, which is between Stations 59 and 76 on Bogue Banks. Specific
locations for placement west of the Bogue Banks base location would be determined
just prior to the commencement of dredging activities to determine the area that
produces the greatest benefits while minimizing associated pumping costs. While the
recommended sediment split described above remains the recommended plan, with the
decision by the NPS to not allow placement on Shackleford Banks during beach
placement years, all coarse-grained dredged material will be placed on the beaches of
Fort Macon State Park and Atlantic Beach.

Final Morehead City Harbor DMMP and EIS 60



Another factor that will be considered when developing quantities to be placed along the
eastern end of Bogue Banks is the migration of the spit at the eastern end of the island.
Recent aerial photography indicates that the spit has experienced significant growth
since 1996 and appears to be migrating east toward the navigation channel. Growth of
the spit in relation to beach fill should be monitored. Adjustments may be needed in the
placement locations of material within the easterly transport zone if it appears that
material placed along the beach is migrating toward and attaching to the spit which may
cause restrictions within the navigation channel.
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Figure 3-12. Proposed Bogue Banks Placement Area

Final Morehead City Harbor DMMP and EIS 62



Proposed Shackleford Banks Beach Placement Area

Figure 3-13. Proposed Shackleford Banks Placement Area

3.2.3 Ocean Dredged Material Disposal Site (ODMDS)

The transportation and disposal of dredged material in ocean waters, including the
territorial sea, is regulated under the Marine Protection, Research, and Sanctuaries Act
of 1972 (MPRSA) (Public Law 92-532, 86 Stat. 1052, 33 U.S.C. 881041 et seq.) as
amended by Title V of the Water Resources Development Act of 1992 (WRDA 92;
Public Law 102-580). Section 102(a) of MPRSA authorizes the USEPA to establish and
apply regulations and criteria for ocean dumping activities. Consequently, the USEPA
issued in October 1973, and revised in January 1977, Ocean Dumping Regulations and
Criteria (40 CFR 220-238). These regulations establish control of ocean dredged
material disposal primarily by two activities: designation of sites for ocean dumping, and
the issuance of permits for dumping.

The MPRSA Section 102(c) authorizes USEPA to designate recommended sites for
ocean dredged material disposal sites. An ocean dredged material disposal site
(ODMDS) is a precise geographical area within which ocean disposal of dredged
material is permitted or authorized under conditions specified in MPRSA Sections 102
and 103. The designation of an ocean dredged material disposal site by EPA is based
on compliance with general (Section 228.5) and specific (Section 228.6(a)) site
evaluation criteria. Final site designation under MPRSA Section 102(c) must be based
on environmental studies of each site and on historical knowledge of the impact of
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dredged material disposal on areas similar to such sites in physical, chemical, and
biological characteristics. The USEPA has the primary responsibility for site
designation. A site may be selected by the USACE under MPRSA Section 103(b), with
USEPA concurrence, if no USEPA designated site is available.

The transportation of dredged material for the purpose of disposal into ocean waters
(i.e. the actual use of the designated site) is permitted by USACE (or authorized in the
case of federal projects) under MPRSA Section 103(e), applying environmental criteria
established in USEPA's Ocean Dumping Regulations and Criteria. MPRSA Section
104(a)(3) provides that ocean disposal of dredged material can occur only at a
designated site. Section 103(b) requires the USACE to utilize dredged material disposal
sites designated by USEPA to the maximum extent feasible. Prior to issuing a dredged
material permit or authorizing a federal project involving the ocean disposal of dredged
material, the USACE must notify USEPA, who may disapprove the proposed disposal.

The U.S. Coast Guard (USCG) is assigned responsibility under MPRSA to conduct
surveillance of disposal operations to ensure compliance with permit conditions and to
discourage unauthorized disposal. The USCG recognizes that the USACE has the
primary surveillance and enforcement responsibilities over federally-contracted actions
associated with federal navigation projects. The USCG retains responsibility for
surveillance of activities not associated with federal navigation projects.

Morehead City Ocean Dredged Material Disposal Site (ODMDS). The Morehead City
ODMDS (Figure 1-5) was designated by USEPA pursuant to Section 102(c) of the
Marine Protection, Research, and Sanctuaries Act of 1972, as amended, as suitable
for the ocean disposal of dredged material. The final rule was promulgated by USEPA
on 14 August 1987 (52 FR 30360), effective 14 September 1987. The boundary
coordinates (NAD 27 Geographic) for the Morehead City ODMDS are:

34°38'30" N 76° 45'00" W
349 38'30" N 76° 41'42" W
34°38'09" N 76° 41'00" W
34° 36'00" N 76° 41'00" W
34°36'00" N 76° 45'00" W

The site is located just beyond 3 nautical miles offshore (beyond 3 nautical miles from
the baseline of the territorial sea) of Morehead City, North Carolina. The Morehead
City ODMDS has an area of about 8.0 square nautical miles. Depths within the
ODMDS range from about -30 to -55 feet local mean low water (mlw) based on a
composite of bathymetric surveys which include data from 1995 to 2011. Depths are
shallowest in the northern (inshore) portion and gradually deepen to the south
(offshore). Approximately 60% of the area is deeper than -50 feet (mlw). The
bathymetry is essentially flat except for slight mounds of dredged material in the
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northeast third and middle of the ODMDS due to previous dredged material
discharges and the influence of the Beaufort Inlet ebb tide delta.

Material was excavated from the Morehead City ODMDS by Carteret County as a
borrow source for nourishment of the Bogue Banks beaches in 2004, 2007, and 2013
following Hurricanes Isabel, Ophelia, and Irene, respectively. Approximately 1.2
million cubic yards of sand were removed from the northeast corner of the Morehead
City ODMDS during those two events by hopper dredges and pumped onto the Bogue
Banks beaches.

Disposal of dredged material in the ocean has been associated with the Morehead
City Harbor federal navigation project for many years. Federal dredging projects in
Morehead City Harbor began in 1910. Continued use of the Morehead City Harbor
navigation channel depends on annual maintenance dredging. Only one non-federal
maintenance dredging and ocean dredged material disposal permit (permitted
pursuant to Section 103 of MPRSA) has taken place in the Morehead City Harbor
area, that being associated with the State maintained portions (berths) of the North
Carolina State Ports.

The placement of dredged materials in the ocean off Beaufort Inlet since 1995 is
documented in Table 3-3. Estimated volumes in Table 3-3 were derived from vessel
disposal records provided by dredging contractors for ocean placement verification.
They are not based on channel surveys. Since 1987 (the date of site designation)
ocean disposal of dredged materials from the Morehead City Harbor federal project
channels has occurred in the Morehead City ODMDS. Beginning in 1995, sediments
dredged during the maintenance of the Morehead City Harbor navigation channels
were also placed in the Morehead City Harbor Nearshore Placement Area off Bogue
Banks, or more infrequently, directly on Bogue Banks beaches. The nearshore
placement area is discussed further in Section 3.2.4. Accordingly, the quantity of
dredged material being transported to the ODMDS for disposal has declined as
compared to the pre-1995 levels.

As mentioned above, the Morehead City ODMDS has been used as a borrow area for
Bogue Banks beach replenishment. Sand from the ODMDS has been dredged and
subsequently discharged as beach fill. Future use of dredged material from the
ODMDS for beach replenishment is possible.

Bathymetric surveys have indicated that the sandy and coarse dredged materials
historically disposed of within the Morehead City ODMDS have the potential to mound
appreciably when specific areas are repeatedly used for disposal. Such mounds may
limit future use of specific areas of the ODMDS, and may pose impairment to navigation
including use by hopper dredges. These limitations should be minimized to the extent
possible.
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Morehead City ODMDS
Quantity (Cubic
Calendar Year Yards)
1987 544,000
1988 691,000
1989 539,000
1990 592,000
1991 832,000
1992 209,000
1993 628,000
1994 715,000
1995 636,000
1996 0
1997 1,143,000
1998a 270,000
1998b 210,000
1999 759,000
2000 150,000
2001 719,000
2002 0
2003 283,000
2004 0
2005 63,000
2006 469,000
2007 537,000
2008 406,000
2009 681,000
2010 0
2011 436,000
2012 132,000
2013 75,000
TOTAL 11,719,000

Table 3-3. Morehead City ODMDS Site Use by Year.
(Note: Volumes prior to 2007 are based on ocean disposal reporting, not survey or contract pay volumes.
Volumes after 2007 were derived from contract records.)

Morehead City ODMDS Site Management. As documented in the Site Management
and Monitoring Plan (SMMP) dated February 2010 (USEPA and USACE 2010), all
ocean disposal at the Morehead City ODMDS must be conducted in accordance with
the applicable Ocean Dumping Regulations and Criteria found in 40 CFR Parts 220-
238, whether conducted as a permit activity or as a federal activity. The following are
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Morehead City ODMDS management requirements, and all permits or evaluation
concurrence shall be conditioned to include these requirements.

Dredged Material Evaluation. Only dredged materials which have been evaluated in
accordance with USEPA's Ocean Dumping Regulations and Criteria and found in
compliance with those criteria will be transported for disposal in the Morehead City
ODMDS (USEPA/USACE 2010). Guidance for evaluation of dredged materials under
the MPRSA Section 103 program is provided in the Evaluation of Dredged Material
Proposed for Ocean Disposal - Testing Manual, February 1991 and the Regional
Implementation Manual, Requirements and Procedures for Evaluation of the Ocean
Disposal of Dredged Materials in Southeastern Atlantic and Gulf Coastal Waters, 2008.
The determination of dredged material suitability for ocean disposal must be
documented in a MPRSA Section 103 evaluation and approved by USEPA Region 4
prior to disposal. Dredged materials will be reevaluated for suitability for ocean disposal
in accordance with current USACE/USEPA guidance at an interval not to exceed three
years. Reevaluation and testing procedures will be coordinated with the Wilmington
District USACE and USEPA Region 4 before any sampling or testing is undertaken.

Dredged Material Suitable for Beneficial Uses. “Beneficial uses” refers to the concept
that dredged material can be disposed in a way that is economically and
environmentally acceptable and accrues environmental, economic or other benefits to
society.

Coarse-grained dredged material (sands) from the navigation channel should be placed
on nearby beaches or within the littoral system when it is the least cost, engineeringly
sound, environmentally acceptable option. Due to the large area of the ODMDS (8
square nautical miles), ODMDS dredged material capacity is not an issue and should
not be for the foreseeable future. However, site capacity and mounding factors are
favorably affected by not placing coarse-grained material in the ODMDS. Other
beneficial uses of dredged materials are also encouraged pending appropriate
environmental review.

As discussed previously, dredged material was excavated from the Morehead City
ODMDS by Carteret County for sand replenishment of the Bogue Banks beaches in
2004, 2007, and 2013. Approximately 2.2 million cubic yards of historically placed
Morehead City Harbor dredged material were removed from the northeast corner of
the Morehead City ODMDS during those three events by hopper dredges and then
pumped out onto the Bogue Banks beaches. This repository for dredged material
provided good quality sand and facilitated access for the beach replenishment. When
feasible, all coarse-grained material from the Morehead City Harbor channels will be
placed in the nearshore placement areas or on the beaches of Fort Macon and Atlantic
Beach . However, should circumstances ever warrant the disposal of coarse-grained
material from the Harbor in the Morehead City ODMDS, disposal of those materials
would be directed to a portion of the ODMDS where access and potential opportunities
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for recycling and beach nourishment are facilitated (Figure 1-5). Accordingly, the
northern half of the Morehead City ODMDS s restricted to dredged material that is
coarse-grained. Conversely, fine-grained materials may not be discharged there.

The sediment testing described in Appendix B confirmed the Harbor channel areas
where fine-grained materials occur. Continued ocean disposal of these dredged
materials is likely as other disposal/placement options, including beneficial uses, are
either not available or not feasible. As discussed previously, only materials evaluated
and found in compliance with the USEPA’s Ocean Dumping Regulations and Criteria
can be transported to the ocean for disposal. The Morehead City Harbor navigation
channel sediments have been tested in accordance with USEPA regulations and criteria
and dredged material from all reaches of the Harbor is acceptable for disposal in the
ODMDS. In order to minimize interference with potential use of beach-quality sand for
beach replenishment, the fine-grained sediments dredged from Morehead City Harbor
navigation channel will be placed in the far southwest corner of the Morehead City
ODMDS as shown on Figure 1-5. Fine-grained sediments that may be disposed of in
the ODMDS would come from the Morehead City Inner Harbor or the Outer Entrance
Channel.

Dredged Material With Debris. If significant quantities of debris (either wood or man-
made) are present in the dredged materials, then debris management should be
conducted. Significant quantities of debris are considered to be those which would
materially interfere with fishing in areas near the Morehead City ODMDS, or interfere
with re-use of dredged material from within the ODMDS (i.e., beach nourishment borrow
material). Debris management may involve the following:

. Removal of the debris from the dredged material before transportation to
the ODMDS;
. Disposal of dredged material in the ODMDS in a location (e.g., farthest

distance possible from the fishing areas or borrow areas ) such that debris
interference is unlikely;

. Immobilizing the debris within the ODMDS by covering it (capping) with
dredged material.

Methods of Disposal. Disposal is typically accomplished by hopper dredge or dump
scow. For each disposal project, a specific area within the ODMDS will be designated
for use and a specific disposal pattern will be prescribed. Dredged materials will be
discharged within the ODMDS boundaries. Dredged material disposal will not be
allowed closer than 600 feet from the site boundary. The disposal of dredged materials
outside the ODMDS boundaries is not acceptable under MPRSA authorities. An
approved ocean disposal verification plan must be carried out. Disposal methods that
minimize mounding of dredged material within the designated disposal area will be
required.
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Disposal Quantities. Quantities of dredged materials disposed of within the ODMDS
will be limited to those amounts that do not produce unacceptable adverse effects to
human health and welfare, the marine environment, or human uses of that environment
(as defined in USEPA's Ocean Dumping Regulations and Criteria). The disposal
guantity management objective for the Morehead City ODMDS is to regulate disposal
guantities such that depths in the disposal area following disposal do not interfere with
navigation. The disposal depth limitation will be -30 feet mlw. Current average depths
in the ODMDS are approximately -45 to -50 feet miw.

Timing of Disposal. There are no seasonal restrictions to the disposal of dredged
material within the Morehead City ODMDS. However, seasonal restrictions and
seasonal special requirements may apply to particular dredging activities at particular
locations. Refer to Section 3.2.5 for a discussion of dredging windows.

Channel Area. If the alignment of the Morehead City Harbor Range A channel is
extended seaward, it crosses the eastern border of the ODMDS. In order to provide
safe navigation, dredged material disposal will not be allowed within approximately 1000
feet of the current limits of the channel. This area where the navigation channel
intersects the ODMDS is shown on Figure 1-5. Disposal of dredged material in this
area will be allowed only after a review by Wilmington District USACE in consultation
with USEPA Region 4 and only if a determination is made that the proposed disposal
will specifically not interfere with navigation.

3.2.4 Ebb Tide Delta

To aid in the development of the DMMP, an analysis of changes within the Beaufort
Inlet ebb shoal complex was completed. The results of the analysis will help determine
placement quantities and locations of material dredged from the adjacent navigation
channel. An understanding of potential impacts to the ebb tide delta is important
because changes to the complex may eventually impact adjacent beaches.

3.2.4.1 Ebb and Nearshore Shoal Analysis

Bathymetric Data Collection. Bathymetric data were available from four different survey
periods for the Beaufort Inlet complex: June 1974 National Oceanographic and
Atmospheric Administration (NOAA) Survey, September 1998 NOAA Survey, a June
2005 survey provided by the NC Division of Coastal Management through
Geodynamics, LLC, and an April 2009 survey contracted through the USACE,
Wilmington District. The reference datum used for the bathymetric comparison was the
North American Vertical Datum of 1988 (Appendix E, Explanation of Vertical Datum).
The use of this datum required conversion of the NOAA data from its mean low water
reference datum to a reference datum of NAVD 88. After conversion, data from the
2005 North Carolina Division of Coastal Management (NCDCM) survey were observed
to be deeper than corresponding data from the 2009 Beaufort Inlet survey in the
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offshore portion of the profile. Discussions with the surveyor revealed that the 2005
DCM survey data when collected was processed with an incorrect heave and speed of
sound correction calculation within the software. The errors occurred during collection
of the data and therefore a raw data file without errors was not available for processing.
To compensate for these errors and keep the survey in the data set, a section of data in
the offshore portion of the survey on the east side of the navigation channel was used to
create an adjustment factor. Data differences in this area, beyond the depth of closure,
were averaged and an adjustment of +0.95" was applied to the entire 2005 inlet survey.
One additional NOAA survey from March of 1953 was excluded from the analysis due to
what appeared to be a datum error associated with the survey in the offshore portion of
the profile.

Bathymetric Changes. Coverage of the ebb tidal delta for Beaufort Inlet is shown in
Figure 3-14 from the most recent survey of May 2009. From this survey, gross patterns
of seafloor morphology are evident. These include the Ocean Dredged Material
Disposal Site (ODMDS) in the southwest corner of the bathymetry, the nearshore
placement area located west of the navigation channel approximately 1 mile offshore,
the inlet ebb tide delta split by the Morehead City navigation channel, and a minor flood
channel on the west side of Beaufort Inlet. Also visible in the photo is apparent scour in
the east lobe of the ebb tide delta that appears to be caused by ebb currents attempting
to re-align the channel from a north-northeast alignment to more of a north-northwest
orientation. Further modeling of currents within the region is needed to confirm.
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2009 Ebb Shoal Condition Survey
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Figure 3-14. Current Ebb Shoal Conditions at Beaufort Inlet

Comparisons between surveys were made by generating maps showing changes in the
bathymetry over time. These difference maps were contoured in 2-foot intervals with
changes between -2 and 2 feet not displayed to improve visual clarity of the map.

Figure 3-15 is a difference plot showing the differences in bathymetry from our earliest
available inlet survey in June 1974 with the September 1998 survey. The majority of
changes that occurred during our study period of 1974 to 2009 are shown in this
difference plot. The plot indicates that extensive erosion occurred over a majority of
both the east and west halves of the inlet ebb tide delta, with the erosion in the west
side of the delta ranging from 3 to 7 feet, while the erosion on the east side of the
navigation channel ranged from 6 to 12 feet. There appeared to be four major
exceptions to what occurred in the majority of the ebb tide delta region. The first was an
erosional hot spot located just west of the northernmost visible portion of the navigation
channel. This area experienced extensive vertical erosion of up to 38 feet. This could
be the result of material sloughing off this point into the Cutoff portion of the navigation
channel, which is dredged on a routine basis. Due to the regular dredging of the Cutoff
section, which removes the foundation of this point, the bank is not able to stabilize and
should continue to erode until an equilibrium slope is reached. The second exception to
the general erosion of the ebb tide delta area is just east of the northernmost visible
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portion of the navigation channel. This area has accreted as much as 16 feet. While it
is difficult to determine the cause of the accretion in this area, it could be related to the
erosion observed on the west side of the Inlet with possible bypassing of sand past the
navigation channel building up the shoal just off Shackleford Banks. To further
investigate both of these areas, modeling of the system currents would be needed. The
third exception to the general trends of the ebb tide delta is the obvious nearshore
placement area (Nearshore West) located west of the navigation channel,
approximately 1 mile offshore. This area is discussed later in this report, including a
detailed examination of historic placement and sediment movement within the
nearshore placement area. The last major exception is the shoaling that has occurred
in the southern portion of the eastern half of the ebb tide delta. This area of the delta
has shoaled up to 19 feet and has extended this half of the delta nearly 2000 feet
seaward when compared to the 1974 survey. This appears to be related to the ebb
currents attempting to straighten the navigation channel from its dredged orientation of
north-northeast to more of a north-northwest orientation. This appears to be the
predominant cause of the deflation of the eastern half of the ebb tide delta.

Figure 3-16 is a difference plot showing the changes between September 1998 and
June 2005 that occurred within the same bounding area as in Figure 3-15. Most of the
trends observed in the comparison of the 1974 to 1998 data continued into this time
period. The eastern half of the ebb tide delta continued to experience an overall
deflation; the western half seems to have stabilized, with only a few areas showing
erosion greater than 2 feet. The erosion hot spot located on the west side of the
northernmost visible portion of the navigation channel continued to erode and even
increased in area. The shoaling on the opposite side of the navigation channel from this
erosional hot spot, while still occurring, decreased and moved farther offshore from the
point at Shackleford Banks. The Nearshore West Placement Area has increased in size
due to continued placement of material farther south as the initial placement cells filled
with material. The final area showing change was the southernmost portion of the
eastern ebb delta. This area continued to grow south, away from Shackleford Banks.
The growth area observed between 1974 and 1998 actually eroded up to 7 feet during
the time period of 1998-2005, which indicates that the currents continued to push
material over the eastern shoal in an attempt to straighten the navigation channel.

Figure 3-17 displays the bathymetric change that occurred during the period of June
2005 through April 2009. The same trends established during previous analysis periods
continued into this most recent time period, although to a lesser extent. The western
lobe of the ebb tide delta appeared relatively stable, with significant change occurring
only in the offshore portion of the Nearshore West Placement Area. The inlet throat
continued its erosive pattern into this period with the area of erosion continuing to
expand. The eastern lobe of the ebb tide delta showed continued erosion throughout
the majority of the area, with accretion at the offshore edge of the analysis area. This
remains consistent with trends previously observed, however the accretion in the
offshore area was lower in both magnitude and area. Figure 3-18 shows the cumulative
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changes previously discussed for the time period 1974 to 2009. The figure clearly
shows the extensive areas within the ebb tide delta which have eroded. Also visible in
the figure are the areas of accelerated erosion and accretion occurring near the inlet
throat, the gains in the nearshore placement area, and the accretion and expansion of
the offshore portion of the east ebb tide delta.
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Figure 3-15. Bathymetric Changes, 1974 to 1998
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Figure 3-16. Bathymetric Changes, 1998 to 2005
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Figure 3-17. Bathymetric Changes, 2005 to 2009
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Figure 3-18. Bathymetric Changes, 1974 to 2009

Volumetric Analysis. In order to quantify the changes occurring within the inlet complex,
a comparison of volumetric change over the different time periods of the available
surveys was performed. The analysis included separating the inlet into six areas in an
attempt to separate predominantly eroding and accreting areas as well as to isolate the
anomalous areas discussed in the Bathymetric Change section of this report. Figures
3-19 through 3-24 show the six areas analyzed; volumetric changes are summarized in
Table 3-4 and Table 3-5. The analysis was conducted over four time periods: from
1974 to 1998, 1998 to 2005, 2005 to 2009, and the cumulative period of 1974 to 2009.
This was done to compute change rates over different time periods which could help
determine if changes were increasing, decreasing, or relatively consistent within each
region. Change rates for these periods are summarized in Table 3-6.

Figure 3-19 shows the analysis area for the east ebb tide delta located just off the point
of the western end of Shackleford Banks. This area was mentioned earlier as having
shown signs of accretion in an otherwise eroding portion of the ebb tide delta. Within
the figure, the accreting area is clearly visible in blue surrounded by areas of erosion.
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While this center section has been accreting, the area as a whole has eroded nearly
480,000 cubic yards since 1974, which translates to an average deflation of 2.9 feet for
this area over the period of analysis. Looking further into the different time periods
analyzed shows that the majority of change within this region occurred in the first time
period, 1974 to 1998, while the two subsequent time periods showed accretion in the
area as a whole. The change rate for this region over the entire analysis period of 35
years was approximately -13,700 cubic yards per year.

Figure 3-20 shows the middle section of the east ebb tide delta. This area has
experienced considerable erosion when compared to the base year survey. Total
erosion for the entire study period amounts to a loss of nearly 7,445,000 cubic yards of
material. This loss of material results in an average deflation of nearly 9.2 feet over the
entire area. Examining the different time periods shows that the erosion has been fairly
consistent over all time periods, with the average loss rate being approximately 234,000
cubic yards per year from 1974 to 1998, approximately 146,000 cubic yards per year
from 1998 to 2005, and nearly 202,000 cubic yards per year for the period 2005 to
2009. The overall erosion rate covering the entire time period is approximately 213,000
cubic yards per year.

The offshore portion of the east ebb tide delta is shown in Figure 3-21. Study of this
area shows that it has accreted significantly since the 1974 survey, with a total increase
of material being approximately 3,977,000 cubic yards. This amount of material
averaged across the entire area shown in Figure 3-20 translates to an elevation
increase of the seafloor of nearly 7.7 feet. As discussed earlier in this report, the
changes appear to be related to the channel attempting to re-orient from a north-
northeast configuration to more of a north-northwest orientation. This shift appears to
be increasing current flow over the middle portion of the east ebb tide delta resulting in
the losses shown in Figure 3-20. As this flow enters the offshore portion of the ebb tide
delta, current velocities drop, resulting in a portion of the material lost from the middle
section of the east ebb tide delta being deposited in the region covered by Figure 3-21.
Examination of the first two time periods, 1974 to 1998 and 1998 to 2005, shows the
accretion rate to be substantial in both; however, it appears to be decreasing in
magnitude. The third time period from 2005 to 2009 indicates the area has begun to
erode overall with an erosion rate of nearly 29,000 cubic yards per year over this time
period. This is partly due to the continued migration of material into deeper areas
offshore. These areas are outside of the survey coverage available and quantities for
comparison are not available. The overall accretion rate for the region was
approximately 114,000 cubic yards per year measured from 1974 to 2009.

Figure 3-22 displays the analysis area for the west ebb tide delta throat area. This area
has experienced the most erosion relative to its size of any of the areas within the ebb

tide delta. The area has eroded nearly 3,751,000 cubic yards since 1974 resulting in an
average deflation of nearly 16 feet over the period of analysis. Review of the volumetric
change rates for the 1974 to 1998, 1998 to 2005, and 2005 to 2009 time periods shows
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the loss rate per year increasing with time. The average loss rate for the region over
the entire study period was found to be approximately 107,000 cubic yards per year. As
discussed earlier in this report, the excessive loss rate in this area is more than likely
due to material moving into the adjacent navigation channel which is dredged on a
routine basis as part of the Morehead City Harbor navigation project.

The majority of the west ebb tide delta area is shown in Figure 3-23. This area has lost
almost 7,877,000 cubic yards of material since the 1974 survey. This amount of
material averaged over the represented area translates to an average deflation of nearly
3.4 feet over the period of analysis. Volumetric change rates have varied greatly over
the different time periods within this area. This area lost approximately 322,500 cubic
yards of material per year on average from 1974 to 1998. The following time period,
1998 to 2005, the area actually accreted nearly 173,200 cubic yards per year. This was
most likely due to deposition of material within the nearshore area migrating into the
west ebb tide delta, as well as material eroding from the western throat into the
northeast corner of the ebb tide delta. The most recent period from 2005 to 2009
showed that the area again became erosive and lost material at an average rate of
323,800 cubic yards per year. The average loss rate per year over the study time frame
of 1974 to 2009 was nearly 225,600 cubic yards per year.

The final area of the ebb tide delta included in our analysis was that of the Nearshore
West Placement Area. Figure 3-24 shows the analysis area for this section of the report
covering the nearshore placement area. A subsequent section of this report provides
more in-depth analysis of the nearshore placement area confined only to the areas of
placement and includes many more survey dates. The analysis in this section of the
report is included only to provide a similar comparison of this area over the same survey
dates used in the analysis of the remainder of the ebb tide delta. This analysis showed
that the nearshore placement area represented in Figure 3-24 gained nearly 3,544,000
cubic yards of material since 1974, is an average gain of approximately 2.1 feet in
seafloor elevation over the analysis area. This material gain is due primarily to the
placement of beach quality material dredged from the Morehead City Harbor navigation
channel. Analysis of the 1974 to 1998 survey comparisons showed the area to be
eroding nearly 16,600 cubic yards per year while the 1998 to 2005 comparison showed
the influence of the dredged material placement with the rate accreting at approximately
521,000 cubic yards per year. During the most recent time period, 2005 to 2009, the
accretion rate slowed to just less than 99,000 cubic yards per year. Overall accretion
rate for the entire study period is just over 101,000 cubic yards per year.

In conclusion, the ebb tide delta complex, as a whole, has experienced substantial
erosion of approximately 12 million cubic yards since 1974. Without the quantities of
material placed in the existing nearshore placement area (~6.2 million cubic yards), the
total deflation would have been approximately 18.2 million cubic yards. This quantity is
split between the two lobes of the ebb tide delta, with 78% lost from the west and 22%
lost from the east lobe of the delta. The major exceptions to the general trend of
deflation are in the offshore portion of the eastern ebb delta and the nearshore
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placement area on the western ebb delta for the reasons detailed earlier in this section.
An understanding of coastal inlet processes suggests that continued erosion of the ebb
tide delta complex is likely to impact the adjacent beaches. The mechanisms of ebb
tide delta deflation that would lead to impacts to the adjacent beaches include: (1)
increased wave heights and changes to wave approach angles as a result of changes in
the offshore wave transformation, which would result in increased shoreline erosion and
volumetric losses of sand along the beach; (2) expected changes in longshore transport
rates and flow paths of sediment; and (3) expected changes in the shoaling rates within
the channel. The locations, severity and timing of the impact are unknown at this time.
It is likely that any impact to the shoreline along Bogue Banks up to this point has been
offset by previous placement of Federal navigation maintenance material along the
eastern end of the island as indicated in the Section 111 report; however, continued
deflation of the ebb tide delta, particularly if the delta is not supplemented with
nearshore placement, could eventually overtake those efforts.

Practical and sound efforts will be considered to retain littoral material dredged from the
navigation channels within the inlet complex to minimize this ebb tide delta deflation.
While the USACE will continue to minimize disposal of coarse-grained material in the
ODMDS as much as possible, the narrow dredging window that we have attempted to
work within (usually 90 days between January-March) often requires that dredge
vessels work in adverse weather and seas. As a result, disposal of some material in the
ODMDS is required in order to accomplish all dredging work within the short timeframes
associated with those windows. On past contracts, when weather conditions were
deemed unsafe for placement of material in the Nearshore West Placement Area,
contractors were allowed to dispose of material in the ODMDS. Based on analysis of
dredging operations between years 1995 and 2006, approximately 43% of coarse-
grained material that was intended for the nearshore placement area was diverted to
the ODMDS due to weather restrictions. No practicable alternatives exist to the
occasional placement of material in the ODMDS when hopper dredges are the
necessary piece of dredging equipment, as further described below.

The USACE is committed to reducing the impact that its dredging program has on
endangered sea turtle species. Hopper dredging, in particular, can pose dangers to
turtles in the water, and USACE has elected over the past 15 years, with the
concurrence of all resource agencies, to voluntarily restrict its hopper dredging at MHC
to the winter months of January-March, when likelihood of turtle encounters is at its
lowest. Dredging is most difficult to accomplish in wintertime months, due to the
increased frequency and duration of foul weather. Foul weather conditions, especially
those which result in increased wave amplitude, make placement of material in the
Nearshore Area hazardous for a laden dredge, which often has minimal clearance when
placing material in the nearshore. The USACE has chosen to allow its contractors to
continue to dredge in foul weather, allowing them to dispose in the ODMDS when
weather and wave conditions make nearshore placement hazardous. To do otherwise,
and require contractors to stop work in high wave conditions, would have two distinct
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consequences: costs for dredging would increase, and just as importantly, it would be
far less likely that the USACE could accomplish the work within the narrow 90-day
environmental window. This would mean that the USACE, in addition to paying more for
the job, would face the choice of not being able to finish the navigation dredging or,
alternatively, increase its risk of killing federally-listed threatened and endangered
turtles. The Wilmington District is currently assessing the risk of expanding its hopper
dredging window, and will coordinate such expansion with appropriate agencies should
it prove warranted.

In the FY 2013 dredging season, the USACE confirmed the impracticability of a “No
ODMDS” policy. In the contract solicitation advertised in late 2012, the USACE
removed the ODMDS foul-weather option from the proposed contract, leaving the
Nearshore West Placement Area as the only available placement option. Only one
dredging company responded to the solicitation, and the prices offered by that company
far exceeded the awardable range (the USACE is prohibited by law from entering into
dredging contracts that exceed the Government estimate by more than 25%). The
primary reason for the increased cost was the likelihood that the dredge would have to
both attempt nearshore placement in foul weather (risking damage to vessel and danger
to crew) and shut down more often when weather was deteriorating. Experience has
shown that utilizing a hopper dredge to dispose of material on the beach also
necessitates some disposal of material in the ODMDS during adverse weather
conditions, as the pump-out of hoppers can be difficult in foul weather. The only
practicable alternative available to the USACE, when utilizing hopper dredges, is to
allow the disposal of material into the ODMDS in hazardous conditions.

The USACE has continued to explore options that reduce the amount of beach-quality
material placed in the ODMDS, without removing from a vessel captain the essential
flexibility necessary to protect vessel and crew. Recent contracts for nearshore
placement included language that limits the amount of dredged material that can be
disposed of in the ODMDS. For each dump placed in the ODMDS, the contractor must
document the weather and/or wave conditions that prohibited safe placement in the
nearshore placement area. The USACE will continue to restrict the amount of beach-
quality material disposed of in the ODMDS by using a variety of contract restrictions or
incentives, as appropriate. Finally, it is important to note that the ODMDS has been,
and continues to be, a valuable borrow source for material for use in storm damage
reduction projects along all of Bogue Banks. The USACE specifically requires its
contractors to place beach-quality material in specific sections of the ODMDS so that it
can be available for future deposition on the beach. Recent locally-funded projects
have used the ODMDS as a borrow site, and both Carteret County and the USACE
have included the ODMDS as a preferred borrow site for material in their long-term
storm damage reduction plans. It is the USACE’s expectation that future trends will
mirror the past decade, where more material was removed from the ODMDS than was
placed into it. While disposal of coarse-grained material in the ODMDS is never the
USACE'’s preferred option, the ODMDS remains a valuable “safety net” for this project,
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allowing for winter dredging of the channel in an environmentally responsible manner,
while preserving the coarse-grained material for future use.

A comprehensive monitoring program, as outlined in Appendix F (Morehead City Harbor
Monitoring Plan), will provide data to assess ongoing operations and impacts.
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1974 to 2009 Volume Change
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Figure 3-19. East Throat Area Volumetric Change

Final Morehead City Harbor DMMP and EIS 82



1974 to 2009 Volume Change
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Figure 3-20. East Ebb Delta Volumetric Change
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1974 to 2009 Volume Change
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Figure 3-21. East Offshore Delta Area Volumetric Change
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1974 to 2009 Volume Change

Volume Change= 3,751,201 C.Y.
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Figure 3-22. West Throat Area Volumetric Change
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Volume Change=-7,877,329 C.Y.
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Figure 3-23. West Ebb Delta Volumetric Change
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1974 to 2009 Volume Change

Volume Change = 3,543,797 C.Y.
Area = 1,022 Acre
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Figure 3-24. Nearshore Placement Area Volumetric Change
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Area Volume Change 1974-2009  Average Vertical Change
Location (Square Feet) (Cubic Yards) (Feet)
East Throat Area 4,502,995 -479,434 -2.9
East Ebb Delta 21,848,459 -7,444,528 -9.2
East Offshore Delta 13,916,629 3,976,632 7.7
West Throat Area 6,334,870 -3,751,201 -16.0
West Ebb Delta 61,824,956 -7,877,329 -3.4
Nearshore Disposal Area | 44,529,776 3,543,797 2.1
Total 152,957,683 -12,032,063

Table 3-4. Volumetric Change and Vertical Shift

Volume Change Volume Change Volume Change Volume Change
1974-1998 1998-2005 2005-2009 1974-2009
Location (Cubic Yards) (Cubic Yards) (Cubic Yards) (Cubic Yards)
East Throat Area -794,678 167,269 147,975 -479,434
East Ebb Delta -5,656,301 -995,155 -793,071 7,444,528
East Offshore Delta 3,024,319 1,067,141 -114,829 3,976,632
West Throat Area -2,013,831 -735,329 -1,002,041 -3,751,201
West Ebb Delta 7,793,949 1,183,024 -1,269,308 -7,877,329
Nearshore Disposal Area -401,227 3,558,459 386,566 3,543,797
Total -13,635,667 4,245,409 -2,644,709 -12,032,063
Table 3-5. Volumetric Change Summary
Volumetric Volumetric Volumetric Volumetric
Change Rate Change Rate Change Rate Change Rate
1974-1998 1998-2005 2005-2009 1974-2009
Location (Cubic Yards/Year) (Cubic Yards/Year) (Cubic Yards/Year) (Cubic Yards/Year)
East Throat Area -32,879 24,490 37,749 -13,730
East Ebb Delta -234,022 -145,704 -202,314 -213,188
East Offshore Delta 125,127 156,243 -29,293 113,878
West Throat Area -83,319 -107,662 -255,623 -107,423
West Ebb Delta -322,464 173,210 -323,803 -225,582
Nearshore Disposal Area -16,600 521,004 98,614 101,483

Table 3-6. Volumetric Change Rate Summary
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3.2.4.2 Ebb Tide Delta Placement

In an effort to retain the material dredged from the navigation channel within the littoral
system, a nearshore placement area was established in 1995 on the west side of the
navigation channel within the Beaufort Inlet ebb shoal (Nearshore West). The existing
nearshore placement area is shown in Figure 3-25 and is located approximately
between 0.65 and 2.0 miles from the shoreline of Fort Macon State Park centered on
the 25-foot mean low water (mlw) contour. The currently-authorized nearshore
placement area covers approximately 559 acres of sea floor and the area is currently
functioning as a placement location for coarse-grained sand exclusively (sand content
greater than or equal to 90%). This DMMP proposes to only place coarse-grained sand
(sand content greater than or equal to 90%) in the nearshore placement areas.

Dredging records indicate a total of nearly 6,200,000 cubic yards of material were
placed within the Nearshore West Placement Area between 1995 and 2006 (Table 3-7).
Average placement into the nearshore placement area is approximately 550,000 cubic
yards per year for the referenced time period. This annual quantity placed within the
nearshore environment exceeds the rate loss of the ebb tide delta as discussed earlier
in this report. When the 6.2 million cubic yards placed into the nearshore areas of the
west ebb tide delta since 1974 is factored into the losses in Table 3-6 (Volumetric
Change Rate Summary), it is shown that this area lost nearly 14,266,000 cubic yards, or
408,500 cubic yards per year through 2009. Including the 6.2 million yards of material
placed into the deflation calculation is conservative in that the placed material may have
eroded at a faster rate than the natural delta. However, given the limited number of
surveys of the ebb tide delta, it is not possible to accurately segregate this material and
independently measure its influence on the deflation rate. Continued placement of
dredged material within the western nearshore environment should reduce or
ameliorate the overall deflation impacts related to the dredging of the navigation
channel. However, deflation rates of the ebb delta will vary annually based in part on
the amount of material disposed of offshore due to weather conditions during dredging
events.

Analysis of bathymetric surveys indicates that material placed within the existing
nearshore area is being retained within the littoral system, and portions of the material
are moving landward, reducing the rate of deflation of the western lobe of the ebb tide
delta. The analysis of the nearshore zone surveys also indicates that material placed in
smaller lifts into shallower locations will diffuse more rapidly to the surrounding ebb tide
delta. One isolated placement occurred in the vicinity of the Queen Anne’s Revenge
Shipwreck (QAR) (Figure 3-25) in which nearly 41,000 cubic yards of material were
placed with adequate pre- and post-construction surveys to monitor material evolution.
Monitoring surveys of this area showed that the material diffused from the original
location in a northeasterly direction and mound height decreased 6 feet over a period of
19 months. Based on these observations and in an effort to facilitate the diffusion of
placed material toward the ebb tide delta, it is proposed that the existing Nearshore
Placement Area be modified to extend farther landward, approximately to the -17
NAVD88 contour. Reasonable efforts, including potential use of light-loaded vessels,
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will be made to place nearshore material in depths less than -25 feet mlw (-27.3 NAVD)
to facilitate diffusion and retain material within the littoral system. The one dredging
method potentially best suited to material placement in depths of less than -25 feet mlw
would be the use of a cutterhead pipeline dredge with direct pipeline placement in
nearshore areas through use of a barge. This new method is recommended as a
placement option in this DMMP. The -25 mlw depth contour suggestion is based on
changes observed in the existing nearshore environment when comparing historic
surveys of placement within the area, as well as an analysis of sediment movement
within the nearshore environment contained in the 1992 USACE Design Memorandum
and Environmental Assessment for Morehead City Harbor (USACE 1992). These
comparisons showed that material placed in shallower depths up to -25 feet mlw
diffused landward, nourishing the ebb tide delta. Material placed in depths beyond -25
feet mlw diffuses landward at a slower rate, except as driven by storms or other similar
events. Material placed in deeper contours, however, could be beneficial to the ebb tide
delta by stabilizing the offshore contours. In addition, the comparison of surveys
showed no indication that material placed anywhere within the existing Nearshore
Placement Area diffused offshore. These surveys indicate that this material has
remained in the ebb tide delta system. Figure 3-25 displays the proposed expanded
area for the existing nearshore placement area (Nearshore West). This proposed
expansion covers 1,209 acres and expands the total placement area on the western
side of the navigation channel to 1,768 acres total.

All material placed in the Nearshore West Placement Area is derived from maintenance
of the Morehead City Harbor navigation project or adjacent navigation channels
containing coarse-grained material. Amounts placed are dependent upon available
funding and navigation priorities.
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Figure 3-25. Existing and Expanded Nearshore West Placement Area
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NUMBER OF HOPPER LOADS ESTIMATED VOLUME (CU YDS)*
CALENDAR % OF TOTAL)
YEAR ODMDS NEARSHORE TOTAL ODMDS NEARSHORE TOTAL
1995 193 79% 51 21% 244 635,709 79% 172,472 21% 808,181
1996 0 0% 328 100% 328 0 0% 656,646 100% 656,646
1997 476 62% 296 38% 772 1,143,400 59% 781,700 41% 1,925,100
1998a 209 41% 295 59% 505 270,400 27% 725,600 73% 996,000
1998b 161 100% 0 0% 262 209,990 100% 0 0% 209,990
1999 391 65% 208 35% 599 759,330 64% 425,760 36% 1,185,090
2000 98 17% 475 83% 573 149,595 16% 786,115 84% 935,710
2001 259 100% 0 0% 259 718,655 100% 0 0% 718,655
2002 0 0% 175 100% 175 0 0% 560,313 100% 560,313
2003 111 25% 337 75% 448 282,994 25% 858,298 75% 1,141,292
2004 - - - - - - - - -
2005 24 23% 81 1% 105 63,236 22% 220,419 78% 283,655
2006 147 33% 305 67% 452 468,958 32% 993,926 68% 1,462,884
TOTAL 2069 44% 2551 54% 4722 4,702,267 43% 6,181,249 57% 10,883,516
Note: * Estimated volumes are derived from vessel dump records provided by dredging contractor for ocean placement verification.
They are not based on channel surveys or contract pay yardages.
Prior to 1999, the volumes were computed using an average load volume for the hopper rather than a reported specific load volume.

Table 3-7. Nearshore Placement Quantities — 1995-2006

The analysis of bathymetric surveys from 1974, 1998, 2005, and 2009 indicates that
both the east and west lobes of the ebb tide delta at Beaufort Inlet have experienced
substantial deflation. To date, material has been exclusively placed on the western lobe
of the ebb tide delta to reduce delta deflation and retain material within the littoral flow.
The results found earlier in the volumetric analysis section show that the eastern ebb
tide delta has lost approximately 3,947,000 cubic yards of material. This is an average
annual loss of approximately 113,000 cubic yards per year. In order to reduce further
deflation of the eastern ebb tide delta, a new nearshore placement zone is proposed on
the east side of Beaufort Inlet as part of this DMMP. The quantity of material to be
placed in this new nearshore area over the three-year cycle of the proposed DMMP is
expected to be the equivalent of the historic loss rate for the area over the three-year
cycle, which is 339,000 cubic yards of sand (113,000 cy per year). This target quantity
will be evaluated through the monitoring program and will be adjusted to conform to the
evolving conditions of the east ebb tide delta. Additionally, quantities placed are subject
to navigation priorities and the availability of dredging funds, which may not be
sufficient to place quantities equivalent to the historic loss rate. Therefore, material
placed within the ebb tide delta will be split between the western and eastern lobes
based on the 78/22 ratio discussed earlier in this report within the Volumetric Analysis
portion of the Ebb and Nearshore Shoal Analysis section. Over the life of this DMMP, it
is the USACE's intent to meet this 78/22 ratio, although individual dredging jobs will
likely use a single nearshore area. Figure 3-26 displays the proposed location of the
new placement area (Nearshore East), which is located approximately 0.25 miles
seaward of the Shackleford Banks shoreline and outside the Cape Lookout National
Seashore (CALO) boundary. The NPS CALO boundary ends at the mean low water
contour along the Atlantic Ocean shoreline. The Nearshore East Placement Area
covers approximately from the -17 ft NAVD88 contour to depths of -36 to -40 feet
NAVD88 and is approximately 13,300 feet in length. In total, the proposed placement
site covers an area of approximately 1.29 square nautical miles (1,094 acres).
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The new proposed region for this nearshore placement area is entirely within the
westerly transport region of Shackleford Banks as established in the USACE Section
111 report (USACE 2001). The net flow within this region of Shackleford Banks is
westerly, toward the Inlet. Material placed within this area should move toward the west
and nourish the eastern side of the ebb tide delta. The NPS supports placement of
sediment in the Nearshore East (Appendix D, NPS letter dated 11 June 2014).

As shown in Figure 3-27, dredged material that may be placed within the Nearshore
West and East will come from the main navigation channel reaches that contain
sediments that are used for beach disposal in year 1 of the 3-year Harbor maintenance
cycle. Material dredged from this section in years where there is no beach disposal
operation has typically been placed in the nearshore placement area or in the ODMDS
during adverse weather conditions. The inclusion of material from this section of the
channel into the newly proposed Nearshore East should reduce future deflation of the
eastern lobe of the ebb tide delta. In addition, providing additional placement areas
within the littoral zone may reduce weather related disposal of the dredged material in
the ODMDS which would reduce future ebb tide delta deflation. In particular, the
existing nearshore placement area has filled to the point that hopper dredges can no
longer feasibly operate in that area. While the expanded Nearshore West should open
up some limited areas for hopper dredge placement, the Nearshore East is likely to be
the preferred location for hopper placement. Conversely, the Nearshore West will be the
preferred location for direct-pipeline placement using barges.

Quantities of material dredged in non-beach disposal years that exceed the annual
losses to the ebb tide delta may be available for beach placement by a local entity. Any
requests by local entities to place this excess dredged material on adjacent beaches
would be evaluated on a case-by-case basis and would be funded by the requesting
entity. The excess material would be required to remain within the Beaufort Inlet
system, and as such would only be available for placement within the limits described in
Section 3.2.2, Beach Placement. Placement of dredged material from the Beaufort Inlet
complex west of station 59 on Bogue Banks (Figure 3-12 Proposed Bogue Banks
Placement Area) would remove material from the complex and potentially increase delta
deflation and for this reason would not be acceptable.

In order to monitor the evolution of the ebb tide delta and verify anticipated migration of
material from the nearshore placement areas to the surrounding ebb tide delta, an
extensive monitoring program has been developed and is included as Appendix F
(Morehead City Harbor Monitoring Plan). Monitoring is proposed to include semiannual
beach profile survey collection, pre- and post-placement surveys of the placement sites
within the nearshore placement areas, including a 1000’ buffer around such sites,
annual aerial or satellite photography, and surveys of the ebb tide delta lobes once
every three years. These data will be evaluated annually and the results of the
analyses will be considered in determining future disposal methodology. If monitoring
indicates that the nearshore placement areas are becoming too shallow for dredges to
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access, those areas, pending coordination and environmental review, may be expanded
to facilitate continued placement of material in the ebb tide delta.

Proposed Nearshore East Placement Area
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Figure 3-26. Proposed Nearshore East Placement Area
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Figure 3-27. Inner/Outer Harbor Dredged Material Separation Based on Percent Sand
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3.2.5 Modification of Environmental Windows

Environmental windows have been implemented to protect important resources from
impacts due to dredging or disposal of dredged material. Resources of interest are sea
turtles, shorebirds, colonial nesting waterbirds, juvenile fish and shrimp.

Current environmental windows for the Morehead City Harbor are based on dredging
methods and the location of disposal. The following table outlines our current windows,
and proposed changes to those windows. Further explanation of each is found below.

Dredging Current | Resource Source of Proposed | Reason for

and/or Window | Protected Requirement | Window Change

Disposal

Method

Hopper Jan 1- Internal District | Jan 1- No change

dredging Mar 31 Sea turtles protocol Mar 31 proposed

Beach Endangered

placement of Sea turtles Species Act for

dredged Nov 16- Nesting birds | turtles and Nov 16- No change

material April 30 Fisheries plovers Apr 30 proposed

Brandt Island

disposal, if

nesting birds | Sep 1- Migratory Bird | Sep 1- No change

are present Mar 31 Nesting birds | Treaty Act Mar 31 proposed

Aug 1-Mar

Inner Harbor 31, for

dredging with bucket &

Brandt Island 2009 I0P barge

or ODMDS Consistency only, Impacts of

disposal, if no Concurrence Northwest, | suspended

nesting birds | Aug 1- from NCDCM, | Westand | sediments on

are present Mar 31 Fisheries NC Fisheries East Legs | fisheries
Need to place
material in
nearshore area

1994 USACE in all seasons
FONSI for No outweighs
Nearshore Dec 1- Nearshore window benefits of
placement Apr 30 Fisheries Area proposed | window

Table 3-8. Current Environmental Windows and Proposed Changes

e Hopper Dredging: The Wilmington District currently observes a January 1 through
March 31 window. As further described in the DMMP, this window is not a
required element of any known authorization, but has been the Wilmington
District’s internal practice to minimize dredging impacts on sea turtles. This
hopper window is more stringent than the terms and conditions of the Regional
Biological Opinion on hopper dredging by NOAA Fisheries, dated September 25,
1997 (NMFS 1997), which does not require a window for any hopper dredging in
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North Carolina. If dredging must occur outside our informally-imposed window,
the District will coordinate with appropriate State and federal resource agencies.

e Beach Placement of Dredged Material: Wilmington District's Endangered Species
Act coordination for nesting sea turtles includes a window of November16 — April
30 to avoid impacts to nesting turtles. The District does not plan to change this
window. On occasion, when a dredging job has been delayed, the window is
extended after coordination with U.S. Fish and Wildlife Service (USFWS) and
State agencies, with additional monitoring requirements imposed to protect
nesting turtles. After March 31, nesting shorebirds are also a concern, and
dredging could be halted or moved to avoid impacts to shorebirds, as necessary.

e Brandt Island Disposal, if nesting birds are present: If nesting birds are present
on Brandt Island, Wilmington District observes a window of September 1 — March
31 to avoid impacts. If no birds are present, no window is in place. The District
does not plan to change this window.

¢ Inner Harbor Dredging with Brandt Island or ODMDS Disposal, if no nesting birds
are present: By letter of March 18, 2009, the NC Division of Marine Fisheries
wrote a two-sentence letter recommending a dredging moratorium from April 1
through July 31 in the MHC Inner Harbor. No explanation was given for the
window, which was subsequently incorporated into the NC Division of Coastal
Management CZMA Consistency concurrence for the Interim Operations Plan. By
letter of February 18, 2014, the National Marine Fisheries Service recommended
that the existing Inner Harbor (Northwest, West and East Legs) window of Aug 1-
March 31 remain in place, for bucket and barge dredging only, due to the potential
impacts to larval fishes as a result of increased suspended sediments. The
Wilmington District plans to adhere to the existing window with regard to bucket
and barge dredging, but has no data to suggest such a window is necessary for
pipeline dredging, therefore no window for pipeline dredging in the Inner Harbor is
proposed.

¢ Nearshore Placement: In establishing the nearshore placement area in 1994, the
Wilmington District proposed a window for placement in the nearshore area of
December 1 — April 30. The reason for the window appears to be concern about
interference of material placement with the mullet seine fishery. This fishery is no
longer active in MHC, and the District proposes no window on placement in the
nearshore placement areas.

The environmental windows currently in place have been coordinated with State and
federal regulatory agencies, and most windows are protective of resources of concern.
Modification of environmental windows may seem reasonable; however, modification of
some of the windows, could, in practice, cause adverse impacts to resources or the
USACE'’s ability to maintain the project. One exception to modification of windows is
that the USACE does not propose any seasonal restrictions on placement of material in
the Nearshore West or Nearshore East, or on non-hopper dredging of the project (with
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disposal in Brandt Island, the ODMDS, or the nearshore placement areas, as
appropriate). For non-hopper dredging activities and placement in nearshore and
ODMDS locations, the marginal benefits associated with seasonal restrictions are not
meaningful enough to justify the adverse effects of those restrictions on navigation
safety, or to justify the additional costs associated with wintertime dredging. The
USACE will continue to observe the seasonal dredging and placement restrictions listed
above, and will coordinate with resource agencies if maintenance dredging is required
outside current environmental windows.

With the exceptions noted above, current environmental windows are effective in
protecting resources, and it is beyond the scope of this DMMP to address changes to
the existing hopper dredging window. Should conditions change or new species of
interest be identified, the environmental windows could be reevaluated during a regular
reevaluation of the DMMP, or during appropriate coordination activities to address
newly listed (threatened or endangered) species.

3.2.6 DMMP Measures Eliminated

Several measures considered and investigated for disposal/placement of maintenance
dredged material for the Morehead City Harbor navigation project have been eliminated
from further consideration for this DMMP and are described below. Although the
measures described below have been eliminated from further consideration, for
comparison purposes, several of them are included in the trade-off analysis in Section
3.4.1. Measures below that are beyond the scope, authority, or timeframe of the DMMP
were not included in the trade-off analysis.

3.2.6.1 Brandt Island Dike Raises Along Existing Alignment

Description: If dredged material from the Inner Harbor continues to be disposed of in
Brandt Island, capacity would be reached in 2028, well before the 20-year timeframe
addressed by this DMMP. Measures that would prolong Brandt Island’s longevity were
investigated. Four potential dike heights were investigated to determine if it would be
economical to raise the existing dike (37 feet NAVD88) at Brandt Island. Dike heights
investigated included elevations of 42 feet NAVD88, along with elevations 47, 52, and
55 feet NAVD88. The amount of fill needed to construct these dike heights and the
resultant storage capacities are shown below in Table 3-9. Note: the storage volumes
below include the existing capacity of 3 million cubic yards.
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Existing Dike Alignment
Dike Total Storage Volume (CY)
Height Dike Fill (assumes dike fill comes
(elev) Volume (CY) | from interior of diked area)
42’ 62,000 3,482,000
47 191,000 3,854,000
52’ 398,000 4,142,000
55’ 582,000 4,244,000

Table 3-9. Brandt Island Dike Raises Along the Existing Dike Alignment

Issues: Expansion with dike raises provides much more capacity for the money than
dike raises along the existing alignment (Section 3.2.6.1). As an example, expanding
the dike and raising it to a height of 52 feet provides 35% greater capacity for less cost
per cubic yard than a dike height of 52 feet along the existing alignment. A cost
summary for all dike heights considered is included in Section 3.3 (Costs of the
Alternative Plans).

Conclusion: ltis by far more feasible to expand and raise the dikes at Brandt Island
than to raise them in place; therefore, raising the dikes along their current alignment
was eliminated from further consideration.

3.2.6.2 Brandt Island Transfer of Material to the ODMDS

Description: Another measure considered to regain capacity at Brandt Island is a one-
time pumpout with transfer of material to the ODMDS. This measure assumed the
following:

e Access would be gained through the north dike wall adjacent to the spillway
system.

e The access channel would be 100 feet wide and 20 feet deep with 3H:1V
sideslopes.

e Approximately 100,000 cubic yards of material would have to be manipulated to
open and close the dike.

e The interior pumpout would roughly follow the limits of the current ponded area
down to elevation -20 feet msl.

e The existing quantity of material in the ponded area is 812,000 cubic yards (box
cut with no sideslopes) plus the remaining capacity of Brandt Island, which is
approximately 3,000,000 cubic yards. The total quantity of material to be
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removed and hauled to the ODMDS would be approximately 3,812,000 cubic
yards.

Issue: Based on a cost estimate prepared using the assumptions above, transfer of
dredged material from Brandt Island to the ODMDS would cost approximately $37 million.
If adequate funding was available to transfer the dredged material from Brandt Island to
the ODMDS, then following clean-out of Brandt Island, dredged material disposal could
resume in Brandt Island — the least cost option. However, it's unlikely that $37 million
would ever be available to fund the clean-out, so once Brandt Island reaches capacity in
2028 the most feasible option is to dispose of the material in the ODMDS, which would
cost an average of about an additional $1million a year from 2028 to 2034.

Conclusion: Once Brandt Island reaches capacity, based on current cost estimates, it is
much more feasible to expand and raise the dikes at Brandt Island or to take
maintenance dredged material from the Inner Harbor directly to the ODMDS rather than
attempting to restore capacity in Brandt Island by transferring material from Brandt Island
to the ODMDS. For this reason, the one-time pumpout of Brandt Island to restore
capacity has been eliminated from further consideration in this DMMP.

3.2.6.3 Recycle Material in Brandt Island through Hydrocyclone Density Separation

Description: Another measure considered for managing Brandt Island and the mixed
material within it is the use of Hydrocyclone Maximum Density Separators (MDS). A
Hydrocyclone MDS is a relatively old technology that is used in the mining industry for
aggregate separation, but its application in the dredging industry is relatively new. The
driving force behind the technology is the principal of centrifugal force. A slurry mixture
of water and silt/sand is pumped into the hydrocyclone system at relatively low pressure
at an angle which results in a high angular velocity. This velocity forces coarse material
toward the walls of the hydrocyclone while creating an area of low pressure in the
center of the hydrocyclone. This low pressure vortex where the majority of liquid and
fine material gathers is forced upward through the overflow outlet located on the top of
the hydrocyclone. The coarser material continues down the walls of the hydrocyclone
and exits through the bottom and is referred to as “underflow” (Figure 3-28).

The Brandt Island disposal facility has potential for deployment of this technology. The
island contains large quantities of sand that are currently inaccessible through
conventional dredging methods due to the mixing of sediments during previous island
disposal operations. There are several potential benefits to sediment separation within
the disposal island which include: 1) Beneficial use of extracted coarse-grained sand for
beach disposal; 2) Nourishment of the deflated Beaufort Inlet ebb tide delta; 3) Use of
overflow sediments for marsh creation; and 4) Reduction of the current volume within
Brandt Island. This would reduce the future need for increases in the capacity of Brandt
Island by either expanding and increasing the dike elevation or removal of material
through hydraulic pumpout and disposal in the ODMDS.
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Issues: 1) Several factors influence the efficiency and practicality of the use of this
technology at Brandt Island. First, the hydrocyclone diameter and flow rate determine
the grain size separation values and would be based on typical beach grain sizes (#200
sieve). To produce coarse-grained sandy material, a hydrocyclone of approximately 24-
inch diameter would be required (Heibel 1995). Given the relatively small flow rate of
the 24-inch hydrocyclone, approximately 2000 gallons per minute (gpm) with a 5:1
liquid/solid ratio, a bank of hydrocyclones would be required to operate simultaneously.
Even with several hydrocyclones in operation continuously, the operation would take
several months to complete. This duration would depend on the depth and width of
material removed from Brandt Island, which has not yet been determined.

2) Material within Brandt Island would need to be handled multiple times during
the separation process thus adding to the overall cost. The material would need to be
screened to remove debris that would not be acceptable for beach disposal. This would
require placement offshore or the establishment of a containment area for this unusable
material. In addition, containment areas or disposal methods for the overflow material
(finer than #200 sieve) would need to be created.

3) Since the hydrocyclone operation is in a fixed position, a method of removing
the coarse-grained material produced would need to be developed. Unlike the overflow
material which is pumped to a disposal area or barge, the underflow is relatively dry and
would need to be moved by conveyor or mechanically loaded and trucked to a location
where it could be hydraulically pumped at a later time. The isolated location of Brandt
Island makes it difficult to mobilize necessary equipment and the lack of existing haul
roads or staging areas makes a truck haul operation impractical at this time.

Conclusion: Given the lack of established methods for employing this method of sand
separation and the lack of information related to the associated costs and durations, this
measure is not considered a viable option for the Morehead City Harbor DMMP at this
time and was eliminated from further consideration. As this technology develops and
the need for additional space is required within Brandt Island, this option may be
reevaluated.
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3.2.6.4 Continue to Use Existing Nearshore West Placement Area (Without Expansion)

Description: As previously discussed, one of the recommended disposal measures
for the DMMP is shoreward expansion of the existing Nearshore Placement Area on the
west side of Beaufort Inlet ( 3.2.4.2, Ebb Tide Delta Placement West of Beaufort Inlet).
Another measure considered was the continued use of the existing Nearshore
Placement Area without expansion.

Issue: It is possible to continue to use the existing Nearshore Placement Area for a
limited amount of time without expansion, however, expansion provides two important
benefits that would not otherwise be realized: 1) It facilitates the diffusion of placed
material toward the ebb tide delta, and 2) increases site longevity.

Conclusion: Expanding the existing Nearshore Placement Area provides greater
benefits than leaving it in its current configuration. The existing configuration has limited
capacity, which would be increased by expansion. Also, expansion toward the
shoreline would facilitate movement of placed material toward the ebb tide delta, which
is important in ameliorating ebb tide delta sediment losses. Therefore, continued use of
the existing Nearshore Placement Area without expansion, although a possibility, is not
recommended as part of the base plan. It should be noted that cost was not an
important factor in the evaluation of this measure as expansion of the Nearshore West
costs only slightly more than continued use without expansion. The slightly higher cost
is attributed to the additional area requiring coverage by the ongoing environmental
surveys and future monitoring. However, the benefits of expansion offset these costs.

3.2.6.5 Creation of Colonial Nesting Waterbird Islands

Description: Quality nesting habitat for colonial waterbirds is a limited resource in
North Carolina. A beneficial use of dredged material is placement of sand by control-of-
effluent method to create and maintain islands at an early ecological successional stage
for colonial nesting waterbirds. For this measure, the assumption was made that each
island is circular and is about 15 acres in area, and 5 feet in elevation. Sand bags
and/or geo-tubes would be placed along the circumference or perimeter of each island
and then coarse-grained maintenance dredged material would be placed within the
center of each island. This material would be excavated by pipeline dredge or hopper
dredge from Outer Harbor ranges that contain coarse-grained material. Current water
depths at the proposed bird island sites are about 5 feet.

Issues:

1) Essential Fish Habitat (EFH) — The areas of Bogue and Back Sounds that
would be potentially suitable for island creation are designated as EFH.
Construction of islands would involve conversion of approximately 15 acres of
bottom habitat for each island constructed. Areas impacted would have to avoid
EFH resources such as hard bottom and Submerged Aquatic Vegetation (SAV).
Creation of one or more islands could potentially benefit SAV by creating
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sheltered areas from high-energy wave and wind action thereby enhancing SAV
habitat around the island. This effect has been seen around other control-of-
effluent islands in North Carolina.

2) Suitable material requirements — Colonial nesting waterbirds prefer areas
that are barren and consist of mainly coarse sand and small quantities of shell
hash. As such, the North Carolina Wildlife Resources Commission recommends
that material placed on these islands be greater than 90% sand (i.e., less than
10% fines).

3) Island size limitations — The size of the islands constructed and therefore
the amount of material that could be placed on them would be limited. To
prevent the establishment of mammalian predators on the islands, size must be
limited to no more than approximately 15 acres. Height above the mean high
water level is important because heights above 10 feet expose birds to higher
winds and sand movement across the islands. The amount of material required
to construct islands would be limited; for example, an island of approximately 15
acres and 5 feet high would require about 121,000 cubic yards. Two 15-acre
islands would require approximately 242,000 cubic yards of coarse sand (i.e.,
greater than 90 % sand). This maintenance material would be excavated from
the Outer Harbor by either pipeline dredge or hopper dredge, depending on the
exact location of dredging. Dredged material from the Inner Harbor would be too
fine to use for bird islands. Maintenance material from Range A is primarily
dredged by hopper. Follow-up disposal of material would require less material
depending on rates of erosion from the island.

4) Cost - Assuming a bird island would require approximately 121,000 cubic
yards of material to construct, the cost for dredging and geotubes would be
approximately $3.7 million per island or a cost of $7.4 million for both islands. This
estimated cost does not include contingency, inflation, equipment costs (personnel,
bulldozer on the island moving the end of pipeline or pushing sand, etc.), overfill factors,
construction delays, etc.

Conclusion: The additional costs required to construct the islands are significantly
greater than placing the material on nearby beaches or in the ebb tide delta (base plan),
therefore the PDT recommends that the construction of the proposed Colonial Nesting
Waterbird Islands be eliminated from further consideration for the Morehead City Harbor
DMMP. However, this is a potential beneficial use of dredged material that could be
pursued under separate federal authority — Section 204 of WRDA 1992, Beneficial Use
of Dredged Material.

3.2.6.6 Dispose of Dredged Material on Radio Island

Description: Radio Island is located to the east of the existing Port of Morehead City,
across the Intracoastal Waterway between the Port and Beaufort, NC (Figure 1-4 inset).
Figure 3-29 is an aerial photograph of Radio Island showing its relationship to the
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existing Port, Morehead City, and Beaufort. The NCSPA owns approximately 250 acres
on Radio Island. The southeastern portion of the island, known as East Beach, is
currently designated a public access area and is used for recreational purposes. The
northern end of the island (Radio Island disposal area), north of US 70, contains an
active sand recycling site managed by the NCSPA, and the western shore of this area is
a public access area owned by the Town of Morehead City. The southern tip of the
island is owned by the US Navy and used for military deployment activities.

This measure considered disposal of coarse-grained dredged material in the existing
Radio Island disposal site. Because the site is an active sand recycling site, the
NCSPA only allows disposal of dredged material that contains greater than 80% sand.
The site is approximately 32 acres in size and has a capacity of approximately 105,000
cubic yards. However, in June 2011, a six-slip public boat launch facility was
constructed, thus reducing the overall size and capacity of the diked disposal area by
approximately 25%. Therefore, the new diked area would be about 9.3 acres in size
and its capacity would be about 79,000 cubic yards. Also, the NCSPA has a long-term
plan (schedule undetermined) to expand, which could further impact the availability of
Radio Island for future use.

Issue: The current capacity of the Radio Island disposal site would not accommodate
the fine-grained material that would result from dredging of the Northwest and West
Legs of the Inner Harbor.

Conclusion: The capacity of the Radio Island disposal site is too small to make this a

feasible measure, therefore, disposing of dredged material on Radio Island was
eliminated from further consideration.
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Figure 3-29. Radio Island Disposal Area

3.2.6.7 Dispose of Dredged Material on Marsh Island

Description: Marsh Island is located north of the existing Port of Morehead City,
across Calico Creek. The island is an inactive dredged material disposal site,
approximately 58 acres in size (Figure 3-30). The capacity of the existing diked area at
Marsh Island is so small that this option considered expanding the existing dike and
possibly increasing the dike elevation as needed to accommodate more dredged
material. This measure did not consider dike expansion into wetland areas as
mitigation costs would render this measure too costly to implement.

Issue: The existing diked disposal area is about 9 acres in size and its dredged
material capacity is approximately 7,500 cubic yards. The existing dike height is 14.5
feet NAVD88. Even if the dike could be expanded to encompass non-wetland areas it
would only provide about 128,000 cubic yards of dredged material capacity which is
less than required for one dredging event. This capacity estimate assumed the dike
would not be raised, but would remain at its current height of 14.5 feet NAVD88.
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Conclusion: Marsh Island is so small that it does not provide adequate capacity to be
considered a viable measure. For this reason, disposing of dredged material on Marsh
Island was eliminated from further consideration.
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Figure 3-30. Marsh Island Disposal Area

3.2.6.8 Use Dredged Material to Create Wetlands

Description: The marshes of Bogue Sound are important habitat for fish and wildlife
resources and support recreational and commercial activities that rely on these
resources. Some of the marshes are eroding in the project area. These marshes
provide an important function as nursery habitat for estuarine fish and shellfish and
support a rich and diverse benthic fauna. The fish, invertebrates, and plant detritus
produced within the marsh are important components of the food web, essential for the
production of seafood which helps support recreational and commercial marine
activities in the area. Studies in Louisiana have shown that the area of intertidal
wetland is directly proportional to the commercial shrimp harvest (Turner 1979). Many
species of birds and mammals are also supported by the marshes of Bogue Sound.
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The construction of shallow water marsh habitat may significantly enhance feeding
opportunities for migrant waterfowl, shorebirds, wading birds, and mammals.

In addition to the environmental benefits provided by creating marshland, the
construction of the proposed marsh would protect existing marsh from continuing
erosion and overwash from boat wakes and would help stabilize the Harbor area.

The Morehead Harbor DMMP PDT looked at other possible measures for the placement
of dredged material within intertidal areas of Bogue Sound. The construction of shallow
water marsh habitat in Bogue Sound would be a beneficial use of dredged material (in
accordance with Section 204 Program (Beneficial Use of Dredged Material for
Ecosystem Restoration) of the Water Resources Development Act of 1992.

Issues:
1) Dredged material volumes - The volume of material that would be needed to
create wetlands, relative to the quantities removed annually from the Harbor
channel, are miniscule and would not provide a cost effective dredged material
disposal option.

2) Dredge equipment - Maintenance dredging of Morehead City Harbor is
typically accomplished by a large pipeline dredge or hopper dredges. These
large floating plants cannot operate safely in the shallow areas required for
wetland creation and employing smaller dredge equipment or barges for the
purpose of creating wetlands would not be feasible.

3) Resource Agency Concerns - The North Carolina Division of Water Quality
has designated Bogue Sound as an Outstanding Resource Water (ORW) due to
the high quality waters. Obtaining approval from the State to convert portions of
existing shallow water habitat to marsh habitat would be very challenging, if not
impossible.

4) Cost - Based on experience in doing similar wetland creation projects within
Wilmington District, the estimated average per acre cost would be about
$240,000. This cost only considers the actual construction of the wetlands and
wetland planting and does not include additional costs that would be incurred to
modify the disposal methodology (typical equipment is too large) nor the costs to
monitor wetland success, which would be required by the resource agencies.
Considering all potential costs, this measure would be considerably more costly
than the base plan.

Conclusion: For the reasons described above, this measure was eliminated from

further consideration in the DMMP. However, wetland creation using dredged material
may be pursued under separate federal authority.
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3.2.6.9 Construct a New Upland Disposal Site

Description: Another measure considered for the Morehead City Harbor DMMP was the
construction of a new upland disposal site. To be viable, a new site would have to be at
least as large as Brandt Island (~168 acres) and similar in proximity to the Harbor as the
existing Brandt Island disposal site. Aerial photography of the area was used to identify
any potential future sites 150-200 acres in size within a radius of 2 miles of the Harbor
(Figure 3-31).

Issue: Analysis of aerial photography within a 2 mile radius of the Morehead City Harbor
reveals that there are no undeveloped uplands of the size required to construct a new
disposal site.

Conclusion: Due to a lack of undeveloped uplands in the Harbor vicinity, construction of
a new disposal site is not viable. Even if land was available, the cost to purchase the land
and construct a new site would be greater than the base plan. Due to the close proximity
of Brandt Island and the ODMDS, any upland alternative would be more costly to
construct and utilize than disposal in Brandt Island or the ODMDS. For these reasons,
construction of a new upland disposal site was eliminated from further consideration. It
should be noted that if land was available, creation of several smaller upland sites to meet
the disposal needs of the Inner Harbor would be more costly than creation of one large
upland site.
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3.2.6.10 Brandt Island Shoreline Stabilization

Description: One measure considered to potentially reduce dredging in the Morehead
City Harbor navigation channels was the stabilization of the Brandt Island shoreline. In
an attempt to identify the cause of the persistent shoaling within the Inner Harbor of the
Morehead City Harbor navigation channel, an analysis of historic shoreline changes

along Brandt Island was completed. Figure 3-32 is a vicinity map of Brandt Island that
includes the shoreline transects used in the study to measure changes in the shoreline.
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Figure 3-32. Brandt Island Shoreline Transects

The shorelines used in the analysis were extracted from historic aerial photography for
this area from the following years:

May 1958 — 9” x 9” scanned prints

January 1964 — 9” x 9” scanned prints

August 1971 — 9” x 9” scanned prints

April 1974 — 9” x 9” scanned prints

June 1978 — 9” x 9” scanned prints

October 1988 — 9” x 9” scanned prints

Digital Orthophoto Quarter Quads (DOQQ) 1993 - orthorectified
DOQQ 1998 - orthorectified

. October 2000 — 9” x 9” scanned prints

10.June 2002 — 9” x 9” scanned prints

11.February 2004 - orthorectified

12.January 2008 - orthorectified

©CoNorwNE

The scanned prints were best-fit rectified using the January 2008 orthorectified image
as control. Some error is to be expected in this process depending upon the
prominence and number of features visible on both the scanned prints and the January
2008 orthorectified image used as control. Some of the photos did not cover the entire
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shoreline of Brandt Island, however these photos were incorporated to the maximum

extent possible.

Shorelines were obtained from the photography through heads-up digitization for each
of the photos and compiled in an ArcView shape file format. In addition to shorelines, a
vegetation line and a “shoal line” (or shallow water break line) were also digitized. The
shoreline and vegetation lines are rather easy to interpret compared to the shoal line.
The distinction of a shoal line is highly dependent upon the clarity of the water, the tide
level and currents at the time of the photo. For this part of the analysis, only the
shoreline was used for further study. Shorelines for Radio Island, the Port of Morehead

City and Sugarloaf Island (Figure 3-32) were digitized as well.

An arbitrary reference line was established from which perpendicular distances to the
digitized shoreline were measured. An additional non-perpendicular line was included
to capture shoreline measurements along the north shore of Brandt Island. The Brandt
Island shoreline to reference line measurements are presented in Table 3-10.

Year

Brandt01
Brandt02
Brandt03
Brandt04
Brandt05
Brandt06
Brandt07
Brandt08
Brandt09
Brandt10
Brandt11
Brandt12
Brandt13
Brandt14
Brandt15

1058 1964 1971 1974 1978 1988 1993 1998 2000
n/a nla n/a n/a 1,056 nla nla n/a 1,451
1305 nla n/a 1,338 1,346 nla n/a n/a 1,468
734 711 605 609 561 nla n/a n/a 413
652 591 261 262 247 nla n/a n/a 228
370 427 428 448 398 233 285 nla 246
292 265 212 403 490 418 260 333 303
438 445 312 367 349 211 370 366 346
439 389 367 416 385 266 415 426 380
374 431 386 nla 439 329 479 471 436
362 510 382 nla 467 341 442 462 nla
420 800 512 nla 633 594 701 685 nla
362 1,015 827 nla 1,059 866 895 914 nla
129 794 851 nla 1,054 1,044 996 991 nla
44 497 949 17136 1,101 1,180 1,105 1,103 1,103
n/a 286 1,000 1,082 1,093 1,276 nla n/a 1,167

2002 2004
nla 1458
n/a 1437
422 390
240 219
245 228
309 320
347 357
370 397
412 444
381 434
nla 723
n/a 891
968 934
1,103 1069
1,204 1187

2008
1,422
1,449
412
238
248
321
360
420
467
442
800
885
954
1,037
1,160

Table 3-10. Distances from Reference Line to Shoreline — Brandt Island

The western shoreline of Radio Island and the southern shoreline of Sugarloaf Island
were also digitized and measured in relation to a reference line. The reference line to
shoreline distances are tabulated in Table 3-11 below:
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Year 1958 1964 1971 1974 1978 1988 1993 1998 2000 2002 2004 2008

Radio05 342 226 174 nla 110 n/a nla 79 135 nla 108 129
o Radio06 495 654 636 nla 550 n/a nla 531 553 534 502 514
-5 Radio07 242 315 497 nla 507 867 nla 626 nla 688 643 655
o Radio08 328 500 nla nla 516 804 507 566 nla 657 589 618
% Radio09 390 445 nfla nla 406 nla 382 390 nla nla 390 412
5 Radiol0 144 143 nla nla 154 nla 143 147 nla nla 160 152
Q
14

Sugarloafl2 499 456 n/la nla 426 nla 371 339 nla nla 275 288
Sugarloafl3 343 236 nla nla 246 nla 177 215 nla nla 184 197
Table 3-11. Distances from Reference Line to Shoreline - Western Shore Radio Island /
Southern Shore Sugarloaf Island

Figure 3-33 shows the location of reference lines and digitized shorelines overlaid on
January 2008 photography. Note how the 1958, 1964 and 1971 shorelines show
expansion of the north and west part of Brandt Island. During this timeframe the island
was built up with dredged material in an uncontrolled manner until dikes were
constructed to contain and control the deposition of dredge material. The island has
retained its general shape since the late 1970’s.
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Plots are provided below showing the variation of distance from the reference line to the
shoreline over time. This graphical plot helps to quickly discern any trends in shoreline
movement over time.

The plots for reference lines 7 and 9 are shown in Figure 3-34. Reference lines 7 and 9
are generally representative of the adjacent reference lines along this east shore of
Brandt Island and fail to show consistent erosion or accretion.

Figure 3-35 shows the shoreline distance plot for reference line 11. This plot shows a
buildup of shoreline and is attributed to the proximity to an outfall pipe which drains the
diked area. The outfall pipe is elevated with a timber structure which tends to trap
migrating sediment.

Figures 3-36 and 3-37 show the shoreline distance plot for reference lines 14 and 15.
The shoreline at reference line 14 and northward appears to be retreating according to
the last several data points. This part of the island is exposed to the longest fetch
distances and likely experiences larger wind driven waves.
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Figure 3-34. Reference Line to Shoreline distance vs. Time; Lines 7 and 9 Brandt
Island
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Brandt14
@ 1988
@ 974
d@oeoo
@ 2004
@ 2008
@ w1
® Brandt14|
800
700
600
1950 1960 1970 1980 1990 2000 2010 2020

Figure 3-36. Reference Line to Shoreline distance vs. Time; Line 14 Brandt Island
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Figure 3-37. Reference Line to Shoreline distance vs. Time; Line 15 Brandt Island

Issue: With the exception of two areas: 1) The eroding shoreline facing West-
Northwest (line 14) and 2) The accreting shoreline near the original outfall pipe (line 11),
the Island shoreline appears to be relatively stable.

Conclusion: Due to the limited change observed within this analysis, a shoreline
stabilization measure was not evaluated further.

3.2.6.11 Construct Jetties at Beaufort Inlet

Description: One measure considered to reduce shoaling within the navigation
channel and retain sediment within the littoral flow was the construction of a jetty and
sand bypassing system at Beaufort Inlet. Jetties are shore-connected structures
typically constructed perpendicular to the shore and extending into the ocean which
confine stream or tidal flow, thus reducing shoaling and dredging requirements,
(USACE 2002). In addition to reducing shoaling within the channel, jetties serve to
reduce longshore current and attenuate wave heights within the channel, which
improves navigational safety.

Construction of jetties at Beaufort Inlet would produce impacts that are both predictable
and unpredictable. One of the predictable impacts that would result from an obstruction
in the nearshore would be shoreline accretion on the updrift side of the jetty followed by
shoreline recession on the downdrift side of the jetty complex. To compensate for this
blockage in the natural littoral flow, a sand bypassing system would be necessary to
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mechanically transport sand around the inlet on a periodic basis. There are several
methods to accomplish this mechanical bypassing which include: mobilizing
conventional dredge pumps on an as needed basis to clear the accumulation of sand on
the updrift side of the inlet and transport it by pipeline to the downdrift location;
construction of a permanent sand bypassing plant similar to that built at Indian River
Inlet, DE where a jet pump is operated on a regular schedule to continually remove
trapped sand to the downdrift side of the inlet, (USACE 2002); or by a bucket and barge
operation where material could be dredged into a barge and then released in the
nearshore placement area on the downdrift side of the inlet. Other impacts could
include changes in the tidal prism and back bay erosion along the landward terminal
end of the jetty.

Issue: Pursuant to Policy Guidance Letter 40, Development and Financing of Dredged
Material Management Studies, dated 25 March 1993, management plan studies for
existing projects shall be conducted pursuant to existing authorities for individual project
operation and maintenance, as provided in public laws authorizing specific projects.
New projects or project modifications beyond the O & M of the authorized project
(Morehead City Harbor navigation project), require congressional authorization and
should be pursued as cost shared feasibility studies with General Investigations funding.
Where the need for such modifications are identified as part of dredged material
management studies, operation and maintenance funding for the study of the
modification should be terminated and a new feasibility study start sought through the
budget process under the authority of Section 216 of the 1970 WRDA .

Conclusion: This measure is outside the scope and authority of DMMPs and therefore
was eliminated from further consideration. As stated above, this measure may be
pursued under separate federal authority.

3.2.6.12 Modify Existing Terminal Groin on West Side of Beaufort Inlet

A measure proposed during an early DMMP development meeting with the public was
to rehabilitate or modify the terminal groin located on the east end of Bogue Banks in
the vicinity of Fort Macon State Park. This structure, which was built in the early 1960’s
by the state of North Carolina, was intended to stabilize the shoreline that fronts the
historic Fort Macon State Park.

Terminal groins are designed to retain sand and provide additional shoreline as a
protective measure and/or to provide recreational area. Once the structure has retained
sand to its designed width, it allows for natural bypassing of material downdrift of the
structure. Material bypassing the Fort Macon State Park terminal groin is generally
deposited within the navigation channel, however some material has accumulated on
the east end of Bogue Banks resulting in recently observed spit growth which is
encroaching on the Morehead City Harbor navigation channel. While the original design
documents were not available at the time of this report, the structure appears to be an
extension of a smaller groin within the existing groin field shown in Figure 3-38. The
existing groin field is shown in the 1958 and 1962 photographs within 3-38 and the
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earliest available photography showing the newly constructed terminal groin is shown
from 1974, also in Figure 3-38.

A photographic comparison is shown in Figure 3-38 that clearly shows the positive
influence of the structure on the shoreline within the vicinity of Fort Macon State Park.
The shoreline on the eastern end of Bogue Banks adjacent to the terminal groin
accreted approximately 700’ between 1958 and 1974 as a result of the groin
construction. The 1974 shoreline is overlaid on the August 2009 photography within
Figure 3-38 to display how the shoreline in the vicinity of the terminal groin is in virtually
the same location as it was in 1974. Further examination of available photography
between 1974 and 2009 (Figure 3-39) shows that the shoreline is subject to cycles,
beginning with accretion just after beach placement along Bogue Banks followed by
shoreline recession which reduces the shoreline approximately back to the 1974
position for the eastern 2000 feet of the island. This consistent minimum shoreline
position in the area adjacent to the terminal groin would indicate that the groin is
functioning much in the same way as it did when first constructed.

Issue: Since it appeared through this initial investigation that the terminal groin was
operating much as it did when built, a rehabilitation of the structure does not appear
necessary. To improve the groin functionality and possibly increase its ability to retain
sand would require a detailed study of the structure including reviews of the initial
design and purpose, existing wave and current patterns impacting the structure,
physical structure surveys, and an analysis of environmental impacts related to changes
of the structure length and porosity.

Conclusion: Due to the fact that the structure is not property of the federal government
and these study items are beyond the scope of the DMMP, this measure was deemed
not feasible at this time. As a separate project, the Wilmington District USACE in
conjunction with the U.S. Army Engineer Research and Design Center is developing a
wave and current model of Beaufort Inlet which includes the groin at Fort Macon State
Park. This model, once developed, would be available for incorporation into future
studies of the terminal groin.
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Figure 3-38. Fort Macon State Park Pre- and Post-Groin Construction
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Figure 3-39. Fort Macon State Park Shoreline Fluctuation

3.2.6.13 Realign Morehead City Harbor Navigation Channel

Description: To reduce dredging requirements within the Morehead City navigation
channel, an investigation into realigning the channel to follow natural flow patterns was
suggested at a public discussion early in the DMMP process. An initial review of this
proposal included a comparison of available historic bathymetric data from 1974, 1998,
2005, and 2009, which clearly shows that the ebb tide delta has deflated since 1974. In
addition, the deflation patterns observed indicate that flow through the Inlet has caused
extensive scour in two areas of the ebb tide delta, as shown in Figure 3-40. The
probable cause of these scour areas is a redirection of current from the maintained
navigation channel to a north-northwest orientation. This current jetting across the
eastern lobe of the ebb tide delta results in material being removed from the existing
ebb tide delta and deposited in deeper water, just south of the eastern ebb tide delta
where velocities are much lower.

While the observed changes in bathymetric data within the ebb tide delta are a good

indicator of current patterns, they do not replace the need for accurate current
measurements and modeling of flow patterns within the Inlet complex. Sand deposition

Final Morehead City Harbor DMMP and EIS 121



within the Inlet complex can affect the flow patterns, which may result in changes in the
main ebb channel. These sand depositions may be the result of direct placement of
material within the ebb tide delta or natural changes. Deposition of dredged material
within the Nearshore Placement Area is an example of direct placement. A natural
deposition can be observed on the east end of Bogue Banks where the spit has grown
considerably, toward the navigation channel, since the early 1990’s. This spit growth
toward the channel could possibly be one cause for the redirection of the current to a
more north-northwest alignment. Similarly, the point of the spit on Shackleford Banks
has accreted toward the navigation channel and could be impacting the inlet velocities
and channel orientation.

Current and sediment transport modeling within the Beaufort Inlet complex would
provide guidance to help determine the most sustainable channel orientation through
the ebb tide delta. By adjusting the channel orientation to match the current flow
patterns, shoaling of the navigation channel and therefore dredging requirements may
be minimized. In addition, it would provide information on movement of material placed
within the ebb tide delta and allow modification of placement areas and lift thickness to
maximize the benefits of the placed material on the ebb tide delta. Currently the
Wilmington District USACE, in conjunction with the U.S. Army Engineer Research and
Development Center, is developing such a model for the Beaufort Inlet complex. The
model would be available, when complete, to attempt to answer some of these
guestions.

Issue: The ability to undertake a study which would analyze and recommend changes
to the Morehead City Harbor navigation channel orientation is not within the scope of
the DMMP.

Conclusion: Pursuant to USACE policy, DMMPs may only address O&M of the
currently authorized project and may not recommend changes to that project, with the
exception of considering reduced channel dimensions, therefore, realignment of the
navigation channel was not pursued further as part of the DMMP. However,
realignment may be pursued under a separate authority.

Final Morehead City Harbor DMMP and EIS 122



1974 to 2009 Change
Feet

. -43- 22
B -219--20

B -19.9--18 & i Sy,
N -17.9- - ‘ ; :
[ -15.9 - - Observed |Extreme
B-13.9-- S.zaur-Areas i
J-11.9-- O
]-99--

]-79--

[1-59--

[1-39--

J-19-

[Jo1-

=21-

=4.1-

Es.1-

s

[ 10.1 -

121

141 -

151 -

N 5.1 -

. 20.1-

[/ Navigation_Channel

Figure 3-40. Elevation Difference Plot - 1974 to 2009

3.2.6.14 Reduce Channel Dimensions

Description: To reduce maintenance dredging costs for the Morehead City Harbor
navigation channel, the PDT considered the option of narrowing or reducing the depth
of the channel.

Issue: The 1992 Design Memorandum (USACE 1992), which addressed modifications
to the Morehead City Harbor navigation channels, included several wideners to improve
ongoing maintenance as part of the project that involved deepening from 40 to 45 feet in
the interior channels. There were 3 wideners included in Range A, and the report states
"These channel wideners are all needed with or without the project and are incrementally
justified based on safety, economic considerations or both.” Since wideners are needed,
even at the 40-foot depth, narrowing the channel is not recommended.

The Navy/Marine Corps considers the Port of Morehead City a strategically critical site.

Ideally, the Navy would prefer the Morehead City channel be widened to 600 feet (U. S.
Navy 2002). This reinforces the requirement to retain existing channel widths.
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Additionally, an analysis of vessel trips and drafts was done to determine channel
utilization. Channel usage at a draft of 42 feet would require the authorized channel, and
several vessels over the last few years have drafted about 42 feet.

Conclusion: Based on usage of the Port and its importance to the military, the option of
reducing channel dimensions (width or depth) was eliminated from further consideration.

3.2.6.15 Construct Terminal Groin on Shackleford Banks

Description: One measure proposed by the public during DMMP development was the
construction of a terminal groin on the west end of Shackleford Banks to help retain
sand on Shackleford Banks.

Issue: In appropriate circumstances, terminal groins can work to the benefit of
navigation projects. The impacts on adjacent beaches are often less certain to predict,
and it can be a major undertaking to evaluate the potential effects of such projects on
adjacent shorelines and the affected biotic communities. The major constraint
preventing consideration of a terminal groin in the DMMP is Policy Guidance Letter
(PGL) No. 40, which discusses the content and funding of DMMP efforts. Specifically,
PGL No. 40 states that “management plan studies for existing projects shall be
conducted pursuant to existing authorities for individual project operation and
maintenance, as provided in public laws authorizing specific projects.” Consideration of
a new terminal groin would fall outside the existing authority for this DMMP.
Specifically, such modification is not within the narrow range of navigation project
modifications that would be exempt from congressional approval, as outlined in
Engineer Regulation 1165-2-119. The PGL explains further that:

“Studies of project modifications needing congressional authorization,
including dredged material management requirements related to the
modification, will be pursued as cost shared feasibility studies with
General Investigations funding. Where the need for such modifications are
identified as part of dredged material management studies, operation and
maintenance funding for the study of the modification should be
terminated and a new feasibility study start sought through the budget
process under the authority of Section 216 of the Water Resources
Development Act (WRDA) of 1970.”

Terminal groins, jetties, and other potential navigation project modifications would
appropriately be considered in a new feasibility study cost shared with the project
sponsor, in this case the State of North Carolina, and not as part of a DMMP, which
uses funds for Operation and Maintenance (O&M) of completed navigation projects.
Initiation of a feasibility study to consider such modifications would require not only the
concurrence of the cost-sharing sponsor, but also congressional authority to initiate the
study using General Investigations (GI) funding.
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Based on coordination with the National Park Service (NPS), it is also apparent that
constructing a terminal groin on the east side of Beaufort Inlet as an alternative in the
DMMP would likely be incompatible with National Park Service (NPS) policy. Section
4.8.1.1 of the 2006 NPS Management Policies pertains to shorelines and barrier
islands. This section states that:

“Natural shoreline processes (such as erosion, deposition, dune formation,
overwash, inlet formation, and shoreline migration) will be allowed to
continue without interference. Where human activities or structures have
altered the nature or rate of natural shoreline processes, the Service will,
in consultation with appropriate state and federal agencies, investigate
alternatives for mitigating the effects of such activities or structures and for
restoring natural conditions...”

The evaluation of a new terminal groin would not further the NPS policy of restoring
natural processes and conditions nor would it likely be compatible with NPS wilderness
policies, which permit management intervention to correct for human impacts, but only
to the extent necessary and consistent with the minimum requirement concept (see,
e.g., NPS Management Policies, Sections 6.3.5 and 6.3.7). A structure such as a
terminal groin would not likely meet these protective criteria, particularly in light of
funding limitations or other factors which may reduce the frequency and/or volume of
sediment disposal.

Conclusion: Construction of a terminal groin on the west end of Shackleford Banks is
both beyond the scope of this DMMP and is unlikely to be found compatible with NPS
policies. Therefore, this option was eliminated from further consideration.

3.2.6.16 Place Inner Harbor Material 280% Sand in Nearshore Placement Areas

Description: To date, only dredged material that contains at least 90% sand has been
placed in the existing Nearshore West. The DMMP considered placement of Inner
Harbor material that was at least 80% sand in the existing and proposed nearshore
placement areas. This would keep more material in the littoral system, which may help
ameliorate ebb tide delta deflation. This option would also prolong the life of Brandt
Island.

Issue: Draft DMMP comments received from the National Marine Fisheries Service
(NMFS) including the following: “NMFS is unlikely to support nearshore placement of
material with a high concentrations of fine material and supports an environmental
window for bucket to barge dredging of inner harbor material. Exposure to high
concentrations of suspended sediments may, depending on exposure duration,
decrease larval feeding rate, damage the epidermis of larval fishes, and increase larval
mortality (Wilber and Clarke 2001). Mechanical (bucket to barge) dredging yields higher
concentrations of suspended sediments than either hopper or pipeline dredges, and
mechanical dredges can cause this impact throughout the water column. Further, this
method of dredging has been observed to produce large amounts of suspended
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sediments in the confined area of the Morehead City Inner Harbor, especially in the
Northwest, West, and East legs.”

Conclusion: Due to NMFS concerns and the fact that placement of 80% sand in the
nearshore areas was not the least cost option for disposal of this material and the small
volume of material would provide minimal benefit to the ebb tide delta, the USACE has
eliminated this measure from the DMMP.

3.2.6.17 Placement of Coarse-Grained Material on Shackleford Banks

Description: Since the 1970’s, the USACE has recognized that dredging of the
Morehead City Harbor channel has detrimental effects on the natural sediment balance of
the Beaufort Inlet Complex, which includes the ebb tide delta and beaches on both sides
of the Inlet. For this reason, the USACE has recommended since 1978 that the beach-
guality sediment dredged from the navigation channel be placed on Bogue Banks and
Shackleford Banks. Shackleford Banks, a part of the Cape Lookout National Seashore,
is managed by the National Park Service (NPS), and in the past, the NPS did not want
sand from the channel placed on Shackleford Banks. As a result of new information
regarding navigation channel impacts on Shackleford Banks, in 2010, the NPS
requested that sand placement on Shackleford Banks be considered in the DMMP.
Therefore, the draft DMMP included placement of beach quality dredged material on
Fort Macon State Park, Atlantic Beach and Shackleford Banks.

Issue: Following circulation of the Draft DMMP, the NPS requested dismissal of the
alternative to place dredged material on Shackleford Banks during the time span of the
DMMP. The NPS indicated the following reasons:

e While recent surveys have shown that the offshore profiles along Shackleford
Banks have experienced a loss in sediment volume, the amount of sediment
volume loss that has resulted from maintenance activities of the Morehead City
Harbor Channel, rather than natural processes, has not been determined. The
data is not available to distinguish between background losses versus losses
caused by the navigation channel.

e NPS agreed with USACE that the sediment budget and shoreline processes
along Shackleford Banks are not completely “natural” because of the navigation
channel. The DMMP/EIS analyzed alternatives for restoration or mitigation of
human-impacted shoreline processes. However, the analysis in the DMMP does
not indicate that the placement would restore or mitigate the impacts of the
channel because of the nature of the dredged material, the quantities proposed,
the long-term sea level rise in this area, and the processes of Shackleford Banks.
The placement of the dredged material under the DMMP may reduce channel-
related impacts but may not restore natural conditions or completely mitigate the
impacts of the channel.
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e NPS would prefer to have a larger database through continued monitoring
through profile surveys to determine if the sediment volume loss of approx.
166,450 cubic yards per year, as calculated from 5 surveys from 2000 to 2010,
continues in this trend.

e Shackleford Banks is proposed wilderness, and in accordance with NPS policies,
management intervention should only be taken when there is knowledge that will
result in mitigating past mistakes, impacts of human use and influences outside
the proposed wilderness boundary and where the gains from mitigation outweigh
the effects of sand placement. Based on the analysis, the NPS cannot make this
determination.

Conclusion: The long-term effects of disposing of sand on only one side of Beaufort
Inlet are not conducive to the long-term sustainability of the channel or the Inlet complex;
therefore, the USACE continues to recommend placement of sand on Shackleford Banks.
However, as requested by the NPS, no beach-quality dredged material will be placed on
Shackleford Banks as part of this DMMP.

3.3 Costs of the Alternative Plans

Cost estimates were developed for each of the DMMP measures and are included in
Appendix G. Cost was a criterion used to develop a suite of DMMP measures that
would provide adequate disposal capacity to maintain the Harbor to its fully-authorized
dimensions for at least the next 20 years. The estimates are detailed dredging
estimates, except for dike raises, which were based on historic costs.

1. Cost Estimates were prepared under guidance given in the USACE Regulation ER
1110-2-1302, Civil Works Cost Engineering and Engineering Instructions, ETL 1110-
2-573, Construction Cost Estimates.

2. The cost estimates are based on the October 2014 price level and current fuel prices
as quoted by local distributors.

3. Dredging estimates were completed using the USACE Dredging Estimating Program
(CEDEP).

a. CEDEP considers details of dredged material characteristics, depth of dredged
material, effective production time, distances from dredge sites to
disposal/placement sites, cost of dredge plant equipment, operating, and labor
and other economic adjustments for fuel and area factors.

b. The location and features of dredge and disposal areas in relation to the channel

ranges, as well as historical production, methods, and disposal considerations for
similar projects, were used in conjunction with the CEDEP and Micro-Computer

Final Morehead City Harbor DMMP and EIS 127



Aided Cost Estimating System (MCACES — MIl) programs for determining
dredging and construction costs.

c. Each measure includes general assumptions for that range or construction
required.

d. All embankment construction soil material was assumed to be from on-site
taken from the existing dry dredged material and surrounding island native soil.

e. An average 27% contingency was included to represent unanticipated
conditions or uncertainties not known at the time of the estimate and was
developed as referenced in ER 1110-2-1302 for this level of estimate. The 27%
contingency was developed using the abbreviated Cost Schedule Risk Analysis
approved by the USACE Cost Engineering Center of Expertise, Walla Walla
District.

4. Costs were evaluated over the 20-year planning period and were discounted at the
2015 federal discount rate of 3.375% using the end-of-year convention. Present worth
was determined using a factor of 0.06957 for the 20-year planning period and applicable
interest rate. Additionally, screening level costs were presented in an average per-cycle
basis, while costs for the selected plan were presented as aggregate and average
annual.

3.3.1 No Action Plan (No DMMP)

The “No Action” plan means status quo (continuation of the Interim Operations Plan
indefinitely). The projected costs to implement the Interim Operations Plan are: Year 1 -
$18 million, Year 2 - $8 million, and Year 3 - $8 million for a total of about $33 million
every 3 years. Assuming No DMMP, the IOP 3- year cycle would be repeated
indefinitely subject to additional coordination. As shown in the tables below, the Interim
Operations Plan costs are lower than the proposed DMMP base plan. The main reason
for this is that the IOP was designed to handle about 1 million cubic yards annually,
which at the time was estimated to be the minimum volume required to be removed to
keep the channel navigable (with only width restrictions). The primary difference in cost
is due to the difference in volumes between minimum tolerances and the full-channel
maintenance envisioned by this DMMP. Also, the IOP does not include placement of
material in the ebb tide delta east of the Inlet. The average annual cost of the No Action
Plan is about $12 million dollars and is shown by year in Table 3-12.
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Project

Year Annual Cost Present Value
2016 1 $17,747,600 $17,748,000
2017 2 $8,198,700 $7,931,000
2018 3 $8,009,800 $7,495,000
2019 4 $17,747,6002 $16,065,000
2020 5 $8,198,700 $7,179,000
2021 6 $8,009,800 $6,785,000
2022 7 $17,747,600 $14,543,000
2023 8 $8,198,700 $6,499,000
2024 9 $8,009,800 $6,142,000
2025 10 $17,747,600 $13,164,000
2026 11 $8,198,700 $5,883,000
2027 12 $8,009,800 $5,560,000
2028 13 $17,747,600 $11,917,000
2029 14 $8,198,700 $5,325,000
2030 15 $8,009,800 $5,033,000
2031 16 $17,747,600 $10,787,000
2032 17 $8,198,700 $4,821,000
2033 18 $8,009,800 $4,556,000
2034 19 $17,747,600 $9,765,000
2035 20 $8,198,700 $4,364,000

| $171,562,000 |
$11,935,000 |

Table 3-12. Average Annual Costs of the No Action Plan

3.3.2 Proposed Measures

The costs per dredging cycle for each of the measures that comprise the base plan are
discussed in the sections below. As demonstrated in the sections below, costs to
implement the proposed base plan are somewhat higher than the cost of the No Action
plan (IOP). Unlike the IOP, the DMMP is based on maintaining the Harbor to its fully
authorized dimensions, thus resulting in the annual removal of approximately 1.3
million cubic yards of dredged material. For simplicity, in the tables below, measures
that are similar, such as placement of material in the Nearshore West and East, and
whose costs are the same, have been combined. In the costs shown below in Tables
3-12 through 3-17, the costs per dredging cycle include mobilization and demobilization.
Following the discussion of the costs for each measure considered is a summary of the
cost of the recommended base plan (Section 3.3.3, Summary of Least Cost Analysis).
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3.3.2.1 Brandt Island

Disposal of Material from the Northwest Leg, West Leg 1 and the East Leg. As shown
in Figure 2-2, the Harbor ranges have been divided into three categories: 1) fine-
grained material less than 80% sand, 2) material that is between 80% and 90% sand,
and 3) material that is greater than or equal to 90% sand. The Northwest Leg, a portion
of the West Leg (referred to as West Leg 1) and the East Leg of the Inner Harbor
contain fine-grained sediments (less than 80% sand ) that may be disposed of in Brandt
Island until it reaches capacity. Table 3-13 shows the costs for the viable measures
considered for disposal of this material. Hopper dredges cannot work efficiently within
the confines of the Inner Harbor. This is especially true near the berths; therefore,
hopper dredging here is not a viable option and costs are not included below. As shown
below, in this portion of the Inner Harbor, the cost for dredging with an 18-inch pipeline
dredge on a three-year cycle, utilizing Brandt Island until it reaches capacity in 2028
would incur an average annual cost of approximately $744,000. Taking this material to
the ODMDS (after Brandt Island reaches capacity in 2028) by bucket and barge would
incur a cost of about $1,153,400.

Disposal Dredging Average
ID # Annual
Area Method

Cost
IH-1 Brandt 18-inch Pipeline | $744,300
Island
IH-2 ODMDS Bucket and $1,153,400
Barge

Table 3-13. Costs for Disposal from Northwest Leg, West Leg 1 & East Leg

Disposal of Material from the West Leg 2 and North Range C. Material from the West
Leg 2 and North Range C contains a mix of fine-grained and coarse-grained material
that is between 80% and 90% sand and is therefore not suitable for beach placement.
This material is suitable, however, for disposal in Brandt Island or in the ODMDS. At
this time, based on comments received on the Draft DMMP, there are no plans to place
this dredged material in the nearshore placement areas. The viable alternatives for
disposal of material from the West Leg 2 and North Range C are listed below in Table
3-14.

. Dredging Average
ID # Disposal Area Method Annual Cost
IH-12 Brandt Island 18" Pipeline $359,000
IH-13 ODMDS Bucket & $534,900
Barge

Table 3-14. Costs for Disposal from West Leg 2 & N. Range C

As shown in Table 3-14, the least cost dredging method is by 18-inch pipeline with
disposal in Brandt Island at an average cost per cycle of about $359,000. The next
most cost effective measure would have been to dispose of this material in the
nearshore placement areas, via bucket and barge, at an average annual cost of
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approximately $526,000; however, the most feasible option is to combine this reach with
the other Inner Harbor reaches and to use an 18-inch pipeline dredge with disposal in
Brandt Island. Use of the ODMDS for this material is also an option as it would prolong
the life of Brandt Island, but it is not the least cost option.

Brandt Island Dike Raises and Expansion. Portions of Brandt Island contain fine-
grained material that is not suitable for beach disposal. As a result of the lack of
consistently coarse-grained material in Brandt Island, future plans are to dispose of fine-
grained material (only) there. Brandt Island is the least-cost alternative for all of the
Inner Harbor reaches. Prior to Brandt Island reaching capacity in 2028, the costs of
expanding and raising the dikes to create additional capacity would be compared to the
costs of alternative disposal methods, such as disposal in the ODMDS. This would
add flexibility to the Harbor maintenance alternatives, which could save costs during
future dredging events. Table 3-15 below shows costs for creating additional capacity
in Brandt Island by expanding and raising the dike. The DMMP does not propose to
raise or expand the Brandt Island dike at this time, but recommends investigating that
option as Brandt Island reaches capacity. Implementation of the DMMP is funding-
dependent and future funding cannot be predicted, therefore, the likelihood of having
adequate funding for future projects, such as a Brandt Island dike raise, is unknown.

Capacity
Elevation Gained (cy) | Total Cost
42 FT 1,690,723 | $2,916,600
47 FT 2,506,497 | $4,180,300
52 FT 3,300,624 | $5,711,200
55 FT 3,771,856 | $6,718,500

Table 3-15. Costs & Capacity Gained by Expanding & Raising Brandt Island Dike

3.3.2.2 Beach Placement

Disposal of Material from South Range C and North Range B. Material from South
Range C and North Range B is coarse-grained material (greater than or equal to 90%
sand) that should be kept in the littoral system by placement on the beach or in the
Nearshore West or East. Although this reach contains material comparable to that
found in South Range B, the Cutoff and Range A out to Station 110+00, early in the
planning process, this reach was separated from those reaches in order to evaluate the
placement of this material in the nearshore areas in water depths of 25 feet or less
(shallow). Table 3-16 provides average annual costs for the potentially viable
alternatives considered for disposal of material from South Range C and North Range
B. This coarse-grained material could also be placed on the beaches of Fort Macon
State Park and Atlantic Beach by 30-inch pipeline dredge at an average annual cost
ranging from about $1,116,000 to $1,465,000. This dredged material could also be
placed on Shackleford Banks; however following review of the draft DMMP, the NPS
requested that no dredged material be placed on Shackleford Banks. The least cost
method of disposal is use of a hopper dredge with placement of material in the
nearshore placement areas. The most cost-effective means to handle this material is to
combine maintenance of this reach with South Range B, the Cutoff and Range A out to
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Station 110+00, reaches that require an ocean certified pipeline dredge. As another
option, but at higher costs, this coarse-grained material could be handled with an 18-
inch pipeline dredge inside the COLREGS line. COLREGS refers to the 1972
International Regulations for Preventing Collisions at Sea and COLREGS Lines of
Demarcation were established by the Coast Guard to designate where "International
Rules of the Road" of navigation separate from "U.S. Inland Rules". An 18-inch dredge
must work inside the COLREGS line, whereas a 30-inch dredge is "ocean certified" and

may also work outside the line in the Atlantic Ocean.

. Dredging Average
ID # Disposal Area Annual
Method
Cost
OH-5 or | Nearshore West Hopper $730,800
OH-7a (Existing) or East
OH-5a Nearshore West Hopper $773,000
(Expanded)
OH-7 or Nearshore Hopper $863,200
OH-5b West/East
(Shallow)
OH-4 or | Nearshore West Bucket & $1,090,200
OH-6a (Existing) or East | Barge
OH-4a Nearshore West Bucket & $1,097,400
(Expanded) Barge
OH-9 Beach Disposal 30" $1,116,500
(Bogue Banks) Pipeline
Nearshore Bucket & $1,145,400
%Hﬁigr West/East Barge
(Shallow)
OH-9a or | Nearshore 30" $1,464,900
OH-11a | West/East Pipeline
OH-8 Beach Disposal 18” $1,822,800
(Bogue Banks) Pipeline
OH-11b Nearshore West | 18" $2,250,500
/East Pipeline

Table 3-16. Costs for Disposal of Material from South Range C and North Range B

Disposal of Material from South Range B, the Cutoff and Range A out to Station
110+00. Material in this Range is coarse-grained material (greater than or equal to 90%
sand) that may be placed on the beach or in the Nearshore West or East. Table 3-17
provides the average cost per cycle for the alternatives that could potentially draw
material from this area. This portion of the Harbor requires dredging on an annual
basis. Because of the increased frequency of dredging, the cost per cubic yard
increases with annual activity. Typically this material has been placed on the beach
during the first year of the 3-year maintenance cycle and in the Nearshore West in years
2 and 3 of the cycle. Under the assumption that this practice will continue (with the
addition of use of the Nearshore East), the least cost option would be to use a hopper
dredge with placement of material in the Nearshore West and/or East, every second
and third year. Placement of this material on the beaches of Fort Macon State Park and
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Atlantic Beach by 30-inch pipeline dredge would incur an average annual cost of
approximately $14,408,000. Although this cost is relatively high, the placement of
dredged material on the beaches would offset potential impacts to the adjacent beaches
(a function previously performed on Bogue Banks by recycling sand from Brandt Island).
Additionally, the Cutoff section of the channel, with its steep bank heights and high
concentrations of material, cannot always be efficiently dredged with a hopper. In this
area, with extreme bank height combined with swift cross currents, hopper dredges are
at risk of damaging drag heads, and would often resort to the use of only one drag head
when dredging, making the operation much less efficient. This reduction in efficiency
would potentially lead to the need to bring in two hopper dredges in order to complete
the job in the 90-day dredging window that the District has used. Therefore, while
typically the least cost disposal option for the entire area is use of a hopper dredge with
placement in the nearshore placement areas, the chronic, steep shoaling in the Cutoff
makes periodic pipeline dredging an essential part of the least cost plan. The average
annual cost of this option ranges from about $4,879,000 to $5,783,000. A bucket and
barge could also be used in this area, but at higher costs. Another measure that may
be considered for beach placement is a hopper pumpout.

. Dredging Average
ID # Disposal Area Method | Annual Cost

OH-16 or Nearshore West Hopper $4,879,200
OH-18a (Existing) or East
OH-16a Nearshore West Hopper $5, 191,800

(Expanded)
OH-16b or | Nearshore Hopper $5, 783,500
OH-18 West/East (Shallow)
OH-15 or Nearshore West Bucket & | $8, 775,900
OH-17a (Existing) or East Barge
OH-15a Nearshore West Bucket & | $9,032,700

(Expanded) Barge
OH-15b or | Nearshore Bucket & | $9,847,700
OH-17 West/East (Shallow) | Barge
OH-19 or Beach Placement 30" $14,408,400
OH-21 (Bogue Banks) Pipeline
OH-19a or | Nearshore 30" $15,768,800
OH-21a West/East Pipeline
OH-20 or Beach Placement Hopper $12, 533,600
OH-22 (Bogue Banks) Pumpout

Table 3-17. Costs for Disposal of Material from South Range B, Cutoff, North Range A
out to Station 110+00

3.3.2.3 Ocean Dredged Material Disposal

Disposal of Material from Range A seaward of Station 110+00. Material from Range A
seaward of station 110+00 is fine-grained material that is in close proximity to the
ODMDS and as such, should be disposed of in the ODMDS. Table 3-18 provides
average annual costs of the alternatives which could potentially draw material from
South Range A seaward of Station 110+00. The least cost option is by hopper dredge
at an average annual cost of about $620,000. Hopper dredges are even more cost
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effective when ranges are combined into a single contract. Technically, material from
anywhere in the Harbor could be disposed of in the ODMDS, with fine-grained and
coarse-grained material segregated to allow efficient removal of material for future
beach disposal.

. Dredging Average
ID # Disposal Area Annual
Method
Cost
OEC3 | ODMDS from 110+00 | Hopper $620,400
Outward
OEC2 | ODMDS from 110+00 | Bucket & Barge | $1,033,100
Outward
Table 3-18. Costs for Disposal of Material from South Range A Seaward of
Station110+00
3.3.2.4 Ebb Tide Delta Placement

Disposal of Material from South Range C and North Range B. Material from South
Range C and North Range B is coarse-grained (greater than or equal to 90% sand) that
could be placed in the nearshore placement areas or on the adjacent beaches. Table
3-16, above, provides average annual costs for the potentially viable alternatives
considered for disposal of material from South Range C and North Range B. The least
cost method of disposal is by use of a hopper dredge with placement of material in the
nearshore placement areas. Depending on the exact placement location, average
annual costs range from about $730,000 to $863,000. This material may also be placed
in the existing nearshore placement areas by bucket and barge with annual costs
ranging from about $1,100,000 to $1,150,000. This placement of material within the
ebb tide delta would help reduce sediment losses in the ebb tide delta.

Disposal of Material from South Range B, the Cutoff and Range A out to Station
110+00. Material from Range B, the Cutoff and Range A out to Station 110+00 is
coarse-grained material (greater than or equal to 90% sand) that may also be placed in
the ebb tide delta or on the adjacent beaches. Table 3-17, above, provides the
average annual costs for the measures considered for South Range B, the Cutoff and
Range A out to Station 110+00. The least cost disposal option for this material is use of
a hopper dredge with placement in the nearshore placement areas (ebb tide delta).
Depending on the placement location within the ebb tide delta, average annual costs
range from about $4,879,000 to $5,783,000. A bucket and barge could also be used in
this area for ebb tide delta placement, but at higher costs. The Nearshore West
continues to fill, such that much (and potentially all) of the existing Nearshore Area is
too shallow for hopper dredges or fully-laden scows to safely operate. A more effective
method of placing material in the Nearshore West Placement Area, particularly at
depths of less than 25 feet, would be a direct pipeline. This method would involve an
ocean-certified cutterhead pipeline dredge working in sandy areas of the channel
(where sand content exceeds 90%), with its pipeline running directly to the nearshore
area. The pipeline would likely be submerged as it crossed the navigation channel, but
would then transition to a floating line to avoid potential cultural resources in the vicinity
of the nearshore placement area. Any necessary anchoring of the pipeline would only
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be accomplished in areas surveyed and found to be clear of all cultural resources. The
pipeline would terminate on a barge or similar floating platform under the control of
tugboats, and would then be slowly moved during discharge to avoid mounding of
material. The pipe would either be equipped with a diffuser at or near the water surface,
and/or equipped with a short downspout for discharge just below the water surface. It
should be noted that costs in Table 3-17 for pipeline to the nearshore assume that both
nearshore areas would be used during each dredging event. Due to funding limitations,
if pipeline to the nearshore is used, it’s likely that only one nearshore area would be
used during a single dredging event, resulting in a cost that is lower than the cost shown
in Table 3-17. The other measure recommended as part of the base plan is placement
of this material on the adjacent beaches, as discussed above.

3.3.3 Summary of Least Cost Analysis

The DMMP assumes that the navigation channel will be maintained to the fully
authorized dimensions. The proposed disposal plan provides for placement of coarse-
grained material (greater than or equal to 90% sand) on the beaches of Fort Macon
State Park and Atlantic Beach every three years, with fine-grained material being
disposed of in Brandt Island or the ODMDS. As shown in Table 3-19, this plan would
have an average annual cost of $13,662,000 (October 2014 price levels).
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Calendar | Project Present
Year Year Annual Cost Value
2016 1 $18,839,800 | $18,840,000
2017 2 $7,827,000 | $7,571,000
2018 3 $12,219,900 | $11,435,000
2019 4 $18,839,800 | $17,054,000
2020 5 $7,827,000 | $6,854,000
2021 6 $12,219,900 | $10,351,000
2022 7 $18,839,800 | $15,438,000
2023 8 $7,827,000 | $6,204,000
2024 9 $12,219,900 | $9,370,000
2025 10 $18,839,800 | $13,975,000
2026 11 $7,827,000 | $5,616,000
2027 12 $12,219,900 | $8,482,000
2028 13 $18,839,800 | $12,650,000
2029 14 $7,827,000 | $5,084,000
2030 15 $14,101,200 | $8,860,000
2031 16 $18,839,800 | $11,451,000
2032 17 $7,827,000 | $4,602,000
2033 18 $14,101,200 | $8,020,000
2034 19 $18,839,800 | $10,366,000
2035 20 $7,827,000 | $4,166,000

Total Cost $196,389,000
$13,662,000
Average Annual Cost

Table 3-19. DMMP Average Annual Costs

A summary of the least cost analysis is shown in Tables 3-19 and 3-20 below. As
presented in Table 3-20, the maintenance dredging costs can be divided by areas and
projected by year using historic dredging records and future expectations. Costs to
maintain Morehead City Harbor are increasing, principally because the costs to manage
Brandt Island and to place material on adjacent beaches are higher than historic costs.
Also, the DMMP anticipates dredging about 1.3 million cubic yards of material each
year, higher than the historic amount of approximately 1 million cubic yards per year.

By estimating the costs of this larger volume of material, expected costs are higher than
historic costs.

The expected average annual cost to implement the DMMP for the operation and
maintenance of Morehead City Harbor is given in the table below. These costs are in
Fiscal year 2011 price level (January 2011) at an interest rate of 4.000% for a twenty
year period from 2016 through 2035 and do not contain costs for Planning, Engineering
and Design (PED), monitoring, or Supervisory and Administrative (S&A) costs. Table 3-
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21 provides a more detailed cost summary of the 20-year plan, including Monitoring,
PED and S & A costs.

Year

of 3-yr

cycle Disposal Location Average Cost per Cycle
1 Beaches $18,839,800
2 Nearshore East and West $7,827,000
3 Brandt Island (2016-2028) $3,568,800
3 Nearshore East and West $5,125,100
3 ODMDS $2,192,000
3 ODMDS (2029-2035 (after Brandt Island is full)) $5,489,900

Table 3-20. Summary of Average Cost by Disposal/Placement Location

Nearshore
Brandt East and Monitoring

Year Island West Beaches ODMDS PED, S&A Total Cost Present Value
2016 $17,589,500 $1,250,300 | $18,839,800 $18,840,000
2017 $6,842,100 $984,900 $7,827,000 $7,571,000
2018 | $3,568,800 | $5,125,100 $2,192,000 | $1,334,000 | $12,219,900 $11,435,000
2019 $17,589,500 $1,250,300 | $18,839,800 $17,054,000
2020 $5,903,700 $894,500 $7,827,000 $6,854,000
2021 | $3,568,800 | $5,125,100 $2,192,000 | $1,334,000 | $12,219,900 $10,351,000
2022 $17,589,500 $1,250,300 | $18,839,800 $15,438,000
2023 $5,903,700 $894,500 $7,827,000 $6,204,000
2024 | $3,568,800 | $5,125,100 $2,192,000 | $1,334,000 | $12,219,900 $9,370,000
2025 $17,589,500 $1,250,300 | $18,839,800 $13,975,000
2026 $5,903,700 $894,500 $7,827,000 $5,616,000
2027 | $3,568,800 | $5,125,100 $2,192,000 | $1,334,000 | $12,219,900 $8,482,000
2028 $17,589,500 $1,250,300 | $18,839,800 $12,650,000
2029 $6,842,100 $984,900 $7,827,000 $5,084,000
2030 $5,125,100 $7,681,900 | $1,294,200 | $14,101,200 $8,860,000
2031 $17,589,500 $1,250,300 | $18,839,800 $11,451,000
2032 $6,842,100 $984,900 $7,827,000 $4,602,000
2033 $5,125,100 $7,681,874 | $1,294,200 | $14,101,200 $8,020,000
2034 $17,589,500 $1,250,300 | $18,839,800 $10,366,000
2035 $6,842,100 $984,900 $7,827,000 $4,166,000
Total

Costs | $14,275,308 | $75,830,200 | $123,126,500 | $24,131,828 | $23,299,600 $196,389,000

Average Annual Cost |

$13,662,000

Table 3-21. Year-by-Year Cost Summary of the Proposed Base Plan
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The Harbor at Morehead City is compact and includes about three miles of interior
channels from the Port facility to Beaufort Inlet and about four miles from the Inlet out to
naturally deep water in the open ocean. Due to the relatively short distances covered
by the Morehead City Harbor navigation channel, dredging equipment working in one
range of the Harbor may cost effectively work in other ranges, even if it does not appear
to be least cost. Since mobilization costs are very high, equipment that can be
mobilized for multiple ranges is very advantageous. Also, mobilization of equipment for
Morehead City Harbor may be done in conjunction with Wilmington Harbor or the
Atlantic Intracoastal Waterway (AIWW) to further reduce costs to each project. The
proposed DMMP, which is described in detail below, attempts to provide flexibility and
interoperability thus allowing innovative proposals to accomplish the maintenance
dredging at the least possible cost while minimizing impacts of the navigation project.

3.4  Proposed Base Plan (DMMP)

The sections below provide a summary of the process used to analyze and screen
alternatives (Trade-Off Analysis), a detailed description of the proposed 20-year base
plan, and real estate requirements associated with the base plan.

3.4.1 Trade-Off Analysis

The recommended base plan for the Morehead City Harbor DMMP was developed
through a plan formulation process that incorporated knowledge gained over the past
several decades of maintaining the Morehead City Harbor navigation channels.
Specifically, development of the recommended base plan was based on dredging
methods and costs, disposal options, sediment quality data, analysis of the physical and
natural environment within the study area, and coordination with stakeholders and
resource agencies. As presented in Tables 3-20 thru 3-24, below, a variation of the
direct scoring method, also called the “Borda” method (Pomerol and Barba-Romero
2000), was used to inform the process of selecting the base plan. Tables 3-20 thru 3-24
demonstrate the trade-offs considered in the development of the base plan for the
DMMP. For each DMMP measure evaluated, trade-offs with respect to five criteria
were considered. The five criteria are dredged material disposal/placement capacity,
environmental acceptability, operational viability, beneficial uses, and cost. Rankings of
various criteria were summed for all measures considered in the development of the
base plan. Scores were assigned for each criterion ranging from 1 (worst) to 5 (best),
as described below.

Disposal or Placement Capacity. Each DMMP measure was evaluated for the
dredged material disposal or placement capacity that it provides over the life of the
DMMP (20 years). The ranking below does not identify specific dredged material
guantities for each rank because required capacities vary widely within the various
sections of the Morehead City Harbor navigation project. Also, dredged material
disposal sites such as the 8-square mile ODMDS and local beaches have virtually
unlimited capacity.
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5 — Site has capacity beyond the 20-year life of the DMMP

4 — Site has capacity sufficient for at least the next 20 years

3 — Site has capacity sufficient for at least the next 10 years

2 — Site provides slightly greater capacity than that required for one dredging event
1 — Site does not provide sufficient capacity for one dredging event

Environmental Acceptability. This criterion considers the environmental acceptability
of a measure being evaluated and includes consideration of regulatory or permitting
issues and views by resource agencies.

5 — No environmental issues regarding this option exist and/or site is already permitted
for disposal or placement of dredged material

4 — Site is not currently approved for disposal or placement of material, however,
obtaining approval from resource agencies is not likely an issue

3 — Some resource agencies may favor this option while others may not and/or site is
not currently approved for disposal or placement of dredged material however, obtaining
approval should not prove difficult

2 — Some resource agencies may favor this option while others would not and/or site is
not currently approved for disposal or placement of dredged material and obtaining
approval would prove difficult

1 — Resource agencies are strongly opposed to this option and/or site is not approved
for disposal/placement of dredged material and likely would not be in the future

Operational Viability. This criterion evaluates the operational viability of the various
measures considered by taking into account the type of dredge plant used within the
various ranges of the Harbor and the characteristics of the material being dredged.

5- This is the preferred mode of operation

4- This is not the preferred mode of operation, but is operationally feasible

3- This is not the preferred mode of operation and is marginal operationally

2- This is not the preferred mode of operation and is not operationally feasible
1- This option is not operationally possible

Beneficial Uses. Each DMMP measure was evaluated based on its level of beneficial
use. This criterion considered the beneficial uses associated with reducing impacts of
the navigation project on adjacent beaches and the ebb tide delta. This criterion also
takes into account potential beneficial uses for environmental purposes including fish
and wildlife habitat creation, ecosystem restoration and enhancement, and coastal
storm damage reduction.

5 — Beneficial use that successfully offsets potential impacts from the navigation project
(beaches and ebb tide delta).

4 — Beneficial use that reduces potential impacts from the navigation project (beaches
and ebb tide delta), but to a lesser degree than those rated 5.
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3 — Beneficial use that does not reduce impacts from the navigation channel, but which
has the potential to provide wildlife habitat and ecosystem restoration and/or
enhancement

2 — Marginal beneficial use

1 — Not a beneficial use

Cost. This criterion considers the relative average annual costs of the measures
considered. Costs are simply in rank order with a rank of 5 being the least cost measure
and other costs ranked relative to the least cost as follows.

5 — Least cost

4 — Next highest cost relative to least cost

3 — Next highest cost relative to measures ranked as 4

2 — Next highest cost relative to measures ranked as 3

1 — Highest cost

The following pages include the summary of the trade-off analysis for DMMP measures
considered during development of the recommended base plan. Each of the tables
below addresses a particular channel range within the Harbor. Channel ranges were
identified based on their location within the Harbor and the sediment characteristics of
material typically dredged from those areas. All five screening criteria were considered
for every potential measure evaluated, however, measures that received a score of 1 for
disposal capacity, environmental acceptability, or operational viability were eliminated
from further consideration and costs were not computed for the majority of those
particular measures. In some cases, costs were computed only for comparison
purposes. As shown in Tables 3-20 thru 3-24, although several options are available for
some of the Harbor ranges, the recommended base plan includes only those measures
highlighted in blue. Considering all trade-offs, these measures provide the best balance
between least cost, sound engineering, and environmental acceptability. The intent of
the DMMP is to remain flexible, therefore, any of the high ranking measures could be
implemented in the future. However, costs for the 20-year plan were based on those
measures highlighted in blue. Following each table is an explanation of the logic used
in selecting the recommended base plan.
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Inner Harbor (IH) - Northwest Leg, West Leg 1 and East Leg - sediments <80% sand
Disposal or
Placement | Environmental | Operational | Beneficial
Measure Capacity Acceptability Viability Use Cost Total
|D# Dredging Method Disposal/Placement Area (1-5) (1-5) (1-5) (1-5) (1-5) |Excluded|Score
IH-1 18-inch pipeline Brandt Island 3 5 5 1 5 19
IH-2 bucket & barge ODMDS 5 5 5 1 4 20
1H-3 hopper ODMDS 5 5 1 1 X
1H-4 bucket & barge Nearshore West 4 1 1 4 X
IH-5 hopper Nearshore West 4 1 1 4 X
1H-6 bucket & barge Nearshore East 4 1 5 4 X
IH-7 hopper Nearshore East 4 1 1 4 X
IH-8 18-inch pipeline Ft. Macon / Atlantic Beach 5 1 4 1 X
1H-9 30-inch pipeline Ft. Macon / Atlantic Beach 5 1 4 1 X
IH-10 18-inch pipeline Shackleford Banks Beach 5 1 4 1 X
IH-11 30-inch pipeline Shackleford Banks Beach 5 1 4 1 X
IH-A 18-inch pipeline Marsh Island or Radio Island 1 5 5 1 X
IH-B varies Modify Environmental Windows NA 3 5 NA 8
IH-C 18-inch pipeline Construct Waterbird Islands 2 2 1 1 X
IH-D 18-inch pipeline Create Wetlands 1 3 3 3 3 13
IH-E varies Construct New Upland Disposal Site 1 4 4 1 X
IH-F varies Brandt Island Shoreline Stabilization NA 3 NA 2 X
Measure Reason(s) For Elimination
IH-3, IH-5, IH-7 Use of a hopper dredge in the Inner Harbor is not operationally viable
IH-4 thru IH-7 Not preferable to place fine-grained material in the nearshore
IH-8 thru IH-11 Sediments not suitable for beach placement
IH-A and |H-D Does not provide enough capacity for a single dredging event
IH-C - Fine-grained material not suitable habitat for waterbird nesting _
- Constructing an island with fine-grained material is not operationally viable
IH-E No undeveloped uplands exist in the project vicinity
An analysis was performed to determine if stabilizing the north shoreline of Brandt Island would
IH-F decrease shoaling within the Harbor (Section 3.2.6.11). Due to the limited change observed during this
analysis, a shoreline stabilization measure was not evaluated further.
IH-G Current commercial/military navigation traffic requires the full channel dimensions.

Table 3-22. Screening of Measures for Maintenance of the Northwest Leg/West Leg 1

& East Leg (sediments less than 80% sand)

As shown in Table 3-22, measures IH-1 and IH-2 are the only feasible options for

disposal of material from the Northwest Leg, West Leg 1 and the East Leg. Due to the

fine-grained nature of these sediments, disposal options are limited to Brandt Island (IH-
1) and the ODMDS (IH-2).

The Brandt Island pipeline dredge option (IH-1) costs less than mechanical dredging
with disposal in the ODMDS. Besides being the least cost option for this material,
dredging contracts for the Morehead City Harbor project are usually grouped with
contracts for maintenance dredging of the AIWW (pipeline dredging), resulting in cost
savings for both projects. This cost savings is quite variable and therefore was not
included in the cost calculations for the IH-1 alternative, but would further reduce the
cost of Brandt Island disposal. The Brandt Island capacity is much more limited than

the ODMDS, resulting in a lower capacity score for Brandt Island. Based on the trade-
off analysis, the recommended plan for maintenance of the fine-grained material in the
Inner Harbor is use of an 18-inch pipeline with disposal in Brandt Island until it reaches

capacity in 2028. As Brandt Island nears capacity, the District will evaluate the option of
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dike expansion and dike raises as compared to the costs of taking this Inner Harbor
material to the ODMDS.

Inner Harbor (IH) - West Leg 2 & North Range C - sediments at least 80% sand
Disposal or
Placement | Environmental | Operational Beneficial
Measure Capacity Acceptability Viability Use Cost Total
1D# Dredging Method Disposal/Placement Area (1-5) (1-5) (1-5) (1-5) (1-5) | Excluded |Score
IH-12 18-inch pipeline Brandt Island 4 5 5 1 5 20
IH-13 bucket & barge ODMDS 5 5 4 1 3 18
IH-14 Hopper ODMDS 5 5 1 1 X
IH-15 bucket & barge Nearshore West-shallow 4 2 4 5 3 X 18
IH-15a bucket & barge Nearshore West- expanded 4 2 4 4 4 X 18
IH-15b bucket & barge Nearshore West- existing 4 2 4 4 4 X 18
IH-16 Hopper Nearshore West -shallow 4 2 1 5 X
IH-16a Hopper Nearshore West -expanded 4 2 1 4 X
IH-16b Hopper Nearshore West -existing 4 2 1 4 X
1H-17 bucket & barge Nearshore East- shallow 4 2 5 5 3 X 19
IH-17a bucket & barge Nearshore East 4 2 5 4 4 X 19
1H-18 Hopper Nearshore East - shallow 4 2 1 5 X
IH-18a Hopper Nearshore East 4 2 1 4 X
1H-19 18-inch pipeline Ft. Macon / Atlantic Beach 5 1 4 1 X
1H-20 30-inch pipeline Ft. Macon / Atlantic Beach 5 1 5 1 X
1H-21 18-inch pipeline Shackleford Banks Beach 5 1 4 1 X
1H-22 30-inch pipeline Shackleford Banks Beach 5 1 5 1 X
1H-23 30-inch Pipeline Nearshore West 4 2 5 4 3 X 18
1H-24 30-inch Pipeline Nearshore East 4 2 5 4 3 X 18
IH-25 18-inch Pipeline Nearshore West or East 4 2 5 4 2 X 17
IH-A 18-inch pipeline Marsh Island or Radio Island 1 5 5 1 X
IH-B varies Modify Environmental Windows NA 3 5 NA 8
IH-C 18-inch Pipeline Construct Waterbird Islands 2 2 1 3 1 9
IH-D 18-inch Pipeline Create Wetlands 1 4 3 4 X
IH-E varies Construct New Upland Disposal Site 1 4 4 X
IH-F varies Brandt Island Shoreline Stabilization NA 3 NA 2 X
IH-G varies Reduce Channel Dimensions NA 5 1 NA X
Measure Reason(s) Measure Eliminated

::jg’;:jalfé;sa’mb’ Use of hopper dredge in Inner Harbor not operationally feasible

21;523,15;412%1275 Placement of 80% sand in nearshore areas eliminated due to NMFS concerns (turbidity)

IH-19 thru IH-22 Sediments not suitable for beach placement

IH-A, IH-C and IH-D Does not provide enough capacity for a single dredging event

IH-E No undeveloped uplands exist in the project vicinity

An analysis was performed to determine if stabilizing the north shoreline of Brandt Island would
IH-F decrease shoaling within the Harbor. Due to the limited change observed during this analysis, a
shoreline stabilization measure was not evaluated further.
IH-G Current commercial/military navigation traffic requires the full channel dimensions

Table 3-23. Screening of Measures for Maintenance of the West Leg 2 & N. Range C.

The West Leg 2 and North Range C contain sediments that are between 80% and 90%
sand. As shown in Table 3-23, these sediments may be disposed of in Brandt Island
(IH-12) or the ODMDS (IH-13). Use of the nearshore placement areas (H-15, 15a, 15b,
17, 17a, 23, 24, and 25) for this material was eliminated based on comments received
from NMFS. The most cost-effective alternative that is environmentally acceptable and
operationally feasible is use of an 18-inch pipeline dredge with disposal in Brandt Island.
However, use of a pipeline dredge with a spider barge, bucket and barge, and/or direct
placement by pipeline dredge in the nearshore are potential options. The nearshore
placement areas provide the only potential for beneficial use of this material by keeping
the dredged material “in the system,” however, in addition to resource agency concerns,
it is inefficient to mobilize a separate dredge (bucket and barge) for the small amount of
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material in this range - about 152,000 cubic yards every three years. It is much more
efficient to combine this reach with the other Inner Harbor reaches and to use a pipeline
dredge with disposal in Brandt Island. Therefore, for the West Leg 2 and North Range
C, the recommended base plan is use of an 18-inch pipeline dredge with disposal in
Brandt Island until it reaches capacity in 2028. As Brandt Island nears capacity, the
District will reevaluate the option of taking this material to the nearshore placement
areas, expanding and raising the Brandt Island dike, or disposing of this material in the
ODMDS.

Outer Harbor (OH) - South Range C & North Range B - sediments 2 90% sand

Disposal or
Placement | Environmental | Operational | Beneficial
Measure Capacity Acceptability Viability Use Cost Total
|D# Dredging Method Disposal/Placement Area (1-5) (1-5) (1-5) (1-5) (1-5) | Excluded |Score

OH-1 18-inch Pipeline Brandt Island 2 1 5 1 X

OH-2 Bucket & Barge ODMDS 5 4 5 1 X

OH-3 Hopper ODMDS 5 4 5 1 X

OH-4 Bucket & Barge Nearshore West (existing) 3 5 5 4 4 21
OH-4a Bucket & Barge Nearshore West (expanded) 4 5 5 4 4 22
OH-4b Bucket & Barge Nearshore West (expanded shallow) 4 5 4 5 4 22
OH-5 hopper Nearshore West (existing) 4 5 5 4 5 23
OH-5a hopper Nearshore West (expanded) 4 4 5 4 5 22
OH-5b hopper Nearshore West (expanded shallow) 4 4 4 5 5 22
OH-6 Bucket & Barge Nearshore East (shallow) 3 4 4 5 4 20
OH-6a Bucket & Barge Nearshore East 4 4 5 4 4 21
OH-7 Hopper Nearshore East (shallow) 4 4 4 5 5 22
OH-7a Hopper Nearshore East 4 4 5 4 5 22
OH-8 18-inch pipeline Ft. Macon / Atlantic Beach 5 5 4 5 2 21
OH-9 30-inch pipeline Ft. Macon / Atlantic Beach 5 5 5 5 4 24
OH-9a 30-inch Pipeline Nearshore West (anywhere) 5 4 5 4 3 21
OH-10 18-inch pipeline Shackleford Banks Beach 5 4 4 5 2 X 20
OH-11 30-inch pipeline Shackleford Banks Beach 5 4 5 5 4 X 23
OH-11a 30-inch Pipeline Nearshore East 5 4 5 4 3 21
OH-11b 18-inch Pipeline Nearshore East or West 5 4 5 4 2 20
OH-A 18-inch pipeline Marsh Island or Radio Island 1 1 5 2 X

OH-B Varies Modify Environmental Windows NA 3 5 NA 8
OH-C 18-inch pipeline Construct Waterbird Islands 2 3 4 3 1 13
OH-D 18-inch pipeline Create Wetlands 1 2 3 2 X

OH-E varies Construct New Upland Disposal Site 1 4 4 1 X

OH-F varies Brandt Island Shoreline Stabilization NA 3 NA 2 X

OH-G varies Reduce Channel Dimensions NA 5 1 NA X

Measure Reason(s) Measure Eliminated
OH-1, OH-2 and OH-3 Removes coarse-grained sediments( 290% sand) from littoral system
OH-10 and OH-11 Recommended by USACE but declined by NPS

OH-A, OH-C and OH-D Does not provide enough capacity for a single dredging event
- No undeveloped uplands exist in the project vicinity

OH-E - Removes coarse-grained sediments( 290% sand) from littoral system
An analysis was performed to determine if stabilizing the north shoreline of Brandt Island would
OH-F decrease shoaling within the Harbor. Due to the limited change observed during this analysis, a
shoreline stabilization measure was not evaluated further.
OH-G Current commercial navigation traffic requires the full channel dimensions
Table 3-24. Screening of Measures for Maintenance of South Range C and North
Range B.

As shown in Table 3-24, there are several potentially viable options for the disposal of
coarse-grained sediments (290% sand) from South Range C and North Range B. For
these measures, capacity, environmental acceptability and operational viability varied
very little. The determining screening criteria were beneficial use and cost. All of the
potential options beneficially use the dredged material, however, those options that
would result in material being placed directly on the beach or in the active littoral zone
(Nearshore West shallow) received the highest scores. Trade-offs are comparable
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between use of a mechanical dredge with placement in either Nearshore Placement
Area (OH-4, 4a, 4b and OH-6) and use of a 30-inch pipeline dredge with placement of
material on the beaches of Fort Macon State Park and Atlantic Beach (OH-9) or on

Shackleford Banks (OH-11), therefore all of the measures highlighted in blue are viable

and are included on a rotational basis in the proposed base plan. Although placement

of dredged material on Shackleford Banks is recommended, this measure is not
highlighted in blue because the NPS has requested that no dredged material be placed

on Shackleford Banks. Also, as described in Section 3.3.2.4, another potential option
that may be exercised in the near future is use of a pipeline dredge with placement in
the Nearshore Areas. In year 1 of the 3-year cycle, material from this range will be

placed on the beaches of Fort Macon and Atlantic Beach and in years 2 and 3, material

will be placed in the nearshore placement areas.

Outer Harbor (OH) - South Range B , Cutoff, North Range A to sta. 110+00 - sediments 2 90% sand
Disposal or
Placement |Environmental [ Operational | Beneficial
Measure Capacity Acceptability Viability Use Cost Total
1D# Dredging Method Disposal/Placement Area (1-5) (1-5) (1-5) (1-5) (1-5) | Excluded [Score
OH-12 18-inch Pipeline Brandt Island 2 1 4 1 X
OH-13 Bucket & Barge ODMDS 5 4 2 1 4 16
OH-14 Hopper ODMDS 5 4 5 1 5 20
OH-15 Bucket & Barge Nearshore West-Existing 4 5 2 4 4 X 19
OH-15a |Bucket & Barge Nearshore West-expanded 4 5 2 4 4 X 19
OH-15b _ [Bucket & Barge Nearshore West-shallow 4 5 2 5 3 X 19
OH-16 hopper Nearshore West (existing) 4 5 5 4 5 23
OH-16a__ |hopper Nearshore West (expanded) 4 5 5 4 5 23
OH-16b__ |hopper Nearshore West (expanded shallow) 4 5 4 5 5 23
OH-17 Bucket & Barge Nearshore East-shallow 4 4 2 5 3 X 18
OH-17a_ |Bucket & Barge Nearshore East 4 4 2 4 4 X 18
OH-18 Hopper Nearshore East-shallow 4 4 4 5 5 22
OH-18a  |Hopper Nearshore East 4 5 5 4 5 23
OH-19 30-inch pipeline Ft. Macon / Atlantic Beach 5 5 5 5] 4 24
OH-19a  |30-inch Pipeline Nearshore West 4 4 5 4 2 19
OH-20 Hopper (pump-out) |Ft. Macon / Atlantic Beach 5 5 4 5 1 20
OH-21 30-inch Pipeline Shackleford Banks Beach 5 2 5 5 4 X 21
OH-21a_ |30-inch Pipeline Nearshore East 4 4 5 4 2 19
OH-22 Hopper (pump-out) |Shackleford Banks Beach 5 2 4 5 1 X 17
OH-A 30-inch pipeline Brandt Island 2 5 4 1 X
OH-B 30-inch pipeline Marsh Island or Radio Island 1 5 2 1 X
OH-C varies Modify Environmental Windows NA 3 5 NA 8|
OH-D 30-inch pipeline Construct Waterbird Islands 1 3 4 3 X
OH-E 30-inch pipeline Create Wetlands 1 2 3 2 X
OH-F varies Construct New Upland Disposal Site 1 4 4 1 X
OH-G varies Brandt Island Shoreline Stabilization NA 3 NA 2 X
OH-H varies Reduce Channel Dimensions NA 5 1 NA X
Measure Reason(s) Measure Eliminated

OH-12, OH-13 and A

Removes coarse-grained sediments( 290% sand) from littoral system

OH-13, OH-15/ 15a/15b,
OH-17/17b

Operationally not viable (mechanical dredge with scow in open ocean)

OH-14

Removes coarse-grained sediments( 290% sand) from littoral system

OH-21 and OH-22

Recommended by USACE but declined by NPS

OH-B, OH-D, OH-E

Does not provide enough capacity for a single dredging event

OH-F No undeveloped uplands exist in the project vicinity
An analysis was performed to determine if stabilizing the north shoreline of Brandt Island would
OH-G decrease shoaling within the Harbor. Due to the limited change observed during this analysis, a
shoreline stabilization measure was not evaluated further.
OH-H Current commercial navigation traffic requires the full channel dimensions

Table 3-25. Screening of Measures for Maintenance of South Range B, Cutoff, North

Range A to Station 110+00
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South Range B, the Cutoff, and North Range A out to Station 110+00 contain coarse-
grained sediments (greater than or equal to 90% sand) that may be beneficially used in
either of the nearshore placement areas or on the beaches of Fort Macon State Park,
Atlantic Beach or Shackleford Banks (currently not an approved placement location as
determined by NPS). As shown in Table 3-25, there are several potentially viable
options for the disposal of these sediments. Capacity, environmental acceptability and
operational viability varied very little. With the exception of the ODMDS, these
alternatives beneficially use the dredged material by keeping it in the “system”. The
determining trade-offs were beneficial use and costs. In attempting to balance ebb tide
delta placement with beach placement, the options selected were those that were the
most operationally viable and provided the greatest benefit to the littoral system.
Measures that are recommended in the base plan are use of a hopper or 30-inch
pipeline dredge with placement in the Nearshore West, the Nearshore East or on the
beaches of Fort Macon State Park and Atlantic Beach, or Shackleford Banks (currently
not an approved placement location as determined by NPS).
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Outer Entrance Channel (OEC) - S. Range A from sta. 110+00 - sediments <90% sand
Disposal or
Placement | Environmental | Operational | Beneficial
Measure Capacity Acceptability Viability Use Cost Total
|D# Dredging Method Disposal/Placement Area (1-5) (1-5) (1-5) (1-5) (1-5) | Excluded |Score
OEC-1 18 or 30-inch pipeline |Brandt Island 2 5 1 1 X
OEC-2 _ |Bucket & Barge ODMDS 5 5 1 1 4* X 12
OEC-3 __ |hopper ODMDS 5 5 5 1 5 5 26
OEC-4 Bucket & Barge Nearshore West 4 1 1 4 X
OEC-5 Hopper Nearshore West 4 1 2 4 X
OEC-6 Bucket & Barge Nearshore East 4 1 1 5 X
OEC-7 Hopper Nearshore East 4 1 2 5 X
OEC-8 18-inch Pipeline Fort Macon & Atlantic Beach 5 1 4 1 X
OEC-9 30-inch Pipeline Fort Macon & Atlantic Beach 5 1 4 1 X
OEC-10 |18-inch Pipeline Shackleford Banks Beach 5 1 4 1 X
OEC-11 |30-inch Pipeline Shackleford Banks Beach 5 1 4 1 X
OEC-A Bucket & Barge Brandt Island 1 5 1 1 X
OEC-B 30-inch pipeline Nearshore West or East 4 1 3 5 X
OEC-C hopper Bogue Banks or Shackleford Banks 5 1 4 1 X
OEC-D hopper Marsh Island or Radio Island 1 5 2 1 X
OEC-E hopper Modify Environmental Windows NA 3 5 NA 8
OEC-F varies Construct Waterbird Islands 2 2 1 3 3 11
OEC-G 30-inch pipeline Create Wetlands 1 3 3 4 X
OEC-H varies Construct New Upland Disposal Site 1 4 4 1 X
OEC-I varies Brandt Island Shoreline Stabilization NA 3 NA 2 X
OEC-J varies Reduce Channel Dimensions NA 5 1 NA X
* Cost computed for comparison purposes only
Measure Reason(s) Measure Eliminated
OEC-1, OEC-A Not cost effective, long pumping distance
OEC-2, OEC-4, OEC-6 Operationally not viable (mechanical dredge with scow in open ocean)
OEC-4 thru OEC-11 . .
' Sediments not suitable for nearshore or beach placement
OEC-B, OEC-C P
OEC-A Does not provide enough capacity for a single dredging event
OEC-D and OEC-G Does not provide enough capacity for a single dredging event
OEC-F - Fine-grained material not suitable habitat for waterbird nesting
- Constructing an island with fine-grained material is not operationally viable
OEC-H No undeveloped uplands exist in the project vicinity
An analysis was performed to determine if stabilizing the north shoreline of Brandt Island would
OEC-I| decrease shoaling within the Harbor. Due to the limited change observed during this analysis, a
shoreline stabilization measure was not evaluated further.
OEC-J Current commercial navigation traffic requires the full channel dimensions
Table 3-26. Screening of Measures for Maintenance of South Range A from Station
110+00 out

As shown in Table 3-26, viable options are very limited for the disposal of fine-grained
material from the Outer Entrance Channel (South Range A from Station 110+00 out).
The only measure that satisfactorily meets all screening criteria is the use of a hopper
dredge with disposal in the ODMDS (OEC-3). Therefore, OEC-3 is the recommended
measure for the Outer Entrance Channel (blue highlight).

3.4.2 Summary of Recommended Base Plan (DMMP)

Pursuant to ER 1105-2-100, it is the USACE policy to accomplish the disposal of
dredged material associated with the construction or maintenance dredging of
navigation projects in the least costly manner, consistent with sound engineering
practice and in accordance with all federal environmental standards, including the
environmental standards established by Section 404 of the Clean Water Act of 1972 or
Section 103 of the Marine Protection, Research and Sanctuaries Act of 1972 (MPRSA),
as amended. This constitutes the base plan for the navigation purpose.
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As shown in the trade-off analysis, numerous measures were considered and many
subsequently eliminated in formulating the base plan for the DMMP. Table 3-27, below,
summarizes the status of the disposal measures analyzed and identifies the beneficial
use options that were considered. The measures not eliminated from further study
make up the base plan, which is described in the following sections.

Morehead City Harbor DMMP Alternatives & Measures

# Description Beneficial Status
Use
1 | No Action (No DMMP) NA eliminated
2 | Proposed DMMP (Measures Considered)
a | Brandt Island upland disposal site No in use
b | Place coarse-grained material (290% sand) on Bogue Banks Yes in use
¢ | Morehead City Ocean Dredged Material Disposal Site No in use
(ODMDS)
d | Expand nearshore (ebb tide delta) placement area west of
Yes proposed
Beaufort Inlet
e | Create nearshore (ebb tide delta) placement area east of
Yes proposed
Beaufort Inlet
f | Place Inner Harbor material 280% sand in nearshore -
Yes eliminated
placement areas
g | Expand and raise Brandt Island dike No possible future
option
h | Raise existing Brandt Island dike (no expansion) No eliminated
i | Transfer Brandt Island material to ODMDS to regain capacity No eliminated
j | Recycle Material in Brandt Island through Hydrocyclone Yes eliminated
Density Separation
k | Place coarse-grained material (=90% sand) on Shackleford Recommended
Banks Yes but not
implementable
| | Continue to use existing nearshore placement area (no o
! Yes eliminated
expansion)
m | Modify environmental windows No proposed
n | Construct colonial waterbird islands Yes eliminated
o | Dispose of dredged material on Radio Island No eliminated
p | Dispose of dredged material on Marsh Island No eliminated
g | Use dredged material to create wetlands Yes eliminated
r | Construct new upland disposal site No eliminated
s | Brandt Island shoreline stabilization Yes eliminated
t | Construct jetties at Beaufort Inlet No eliminated
u | Modify existing groin on west side of Beaufort Inlet No eliminated
v | Realign channels to improve navigation and reduce dredging No eliminated
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Maintenance dredging of authorized Morehead City Harbor Navigation project will
continue as described in Section 2.5 (Future Without Project Condition), including
adherence to these environmental windows, which include:

* Hopper dredging: No window is required; however, the Wilmington District will
consider scheduling hopper dredge activities from January 1 to March 31 to minimize
dredging impacts on sea turtles.

*  Bucket and barge dredging: No window is required except in the Inner Harbor
(Northwest, West and East Legs), which has a window of August 1 to March 31.

* Pipeline dredging: No window is required.

e Disposal: November 16 to April 30 for beach placement on Bogue Banks
(Endangered Species Act); September 1 to March 31 for disposal on Brandt Island, if
nesting birds; if birds are not nesting, there is no window.

* No window for placement of material in the Nearshore West or Nearshore East is
proposed.

The USACE does not propose any seasonal restrictions on placement of material in the
Nearshore West or Nearshore East, or on non-hopper dredging of the project (with
disposal in Brandt Island, the ODMDS, or the nearshore placement areas, as
appropriate). The USACE continues to observe seasonal dredging and placement
restrictions as listed above, for the benefit of sea turtles, migratory birds, and a variety
of other potentially affected species. These restrictions include the short wintertime
hopper dredging window and beach disposal windows that continue to avoid beach
disposal during sea turtle nesting season. For other dredging activities and placement in
nearshore and ODMDS locations, the marginal benefits associated with seasonal
restrictions are not meaningful enough to justify the adverse effects of those restrictions
on navigation safety, or to justify the additional costs associated with wintertime
dredging.

Management of the dredged material removed during each maintenance cycle will vary;
specifically, changes to current maintenance practices include the expansion of the
Nearshore West Placement Area and the addition of a new nearshore placement area
east of Beaufort Inlet (Nearshore East). A summary of the base plan (DMMP) as
compared to the No Action plan is shown below in Table 3-28 and the cycle of dredging
and disposal proposed for the 20-year plan is shown in Table 3-29. Table 3-30 shows the
proposed DMMP cycle, sediment quality, sediment volumes and disposal/placement
locations for each year of the 20-year plan.

The recommended base plan is shown graphically on Figures 3-41 thru 3-43, below.
Figure 3-43 shows Inner Harbor material going to Brandt Island every 3 years, however,
after year 2028, when Brandt Island reaches capacity, this material likely will be disposed
of in the ODMDS. Figure 3-44 shows all dredging and disposal areas addressed in this
DMMP.
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Dredging
Navigation Freq. Fort Macon/Atlantic Nearshore
Plan Section Range (year) Brandt Island Beach Nearshore West East ODMDS
Proposed Northwest Leg/West Leg 1/East
DMMP Inner Harbor Leg (<80% sand) 8 362,000 none none none none
West Leg 2 /North Range C
(>80% sand) 3 152,000 none * * none
S. Range C-N. Range B (=90%
Outer Harbor sand) 3 none none 270,000 76,000 *x
S. Range B, Cutoff, N. Range A
(290% sand)*** 1 none 1,200,000 1,139,000 321,000 *x
Outer Entrance S. Range A, Sta.110 out (<80%
Channel sand) 3 none none none none 344,000
No Action |Inner Harbor Northwest & West Leg 3 362,000 none none NA
East Leg-N. Range C 3 152,000 none none NA none
~40% of
Outer Harbor S. Range C-N. Range B 3 none none 346,000 NA total
~40% of
S. Range B, Cutoff, N. Range A 1 none 1,200,000 1,500,000 NA total
Outer Entrance
Channel S. Range A, Sta.110 out 3 none none none NA 344,000
* This material may go in the nearshore if costs are feasible, i. e. combined with an AIWW contract
** Contracts may limit disposal in the ODMDS during adverse weather to approx. 20% of total
*** Eor this Range, Year 1 of the 3-yr. dredging cycle to be done by 30" pipeline;2nd & 3rd years to be done by hopper

Table 3-28. Comparison of Proposed DMMP (base plan) with the No Action Plan. Dredging Quantities Rounded.
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Quantity

Estimated Cost

Proposed Likely to be ;
DMMP Harbor Navigation Range Dredge Disposal/Placement Dredged (per dredging
Cycle Section Dredged Plant Location (cy) event)*
South Range B
Cutoff
Years North Range A to 30-inch** Fort Macon State Park &
1,4,7,10... Outer Station 110+00 pipeline Atlantic Beach*** 1,200,000 ~$18,839,800
Years South Range C to Hopper or Nearshore West &/or
2,5,8,11... Quter North Range B pipeline East 346,000 ~$7,571,000
South Range B
Cutoff
North Range A to Hopper or Nearshore West &/or
Outer Station 110+00 pipeline East 650,000
Northwest Leg
West Legs 1 & 2
Years East Leg & 18-inch
3,6,9,12... Inner North Range C pipeline Brandt Island or ODMDS 514,000 ~$12,219,900****
South Range B
Cutoff
North Range A to Sta. Hopper or Nearshore West &/or
Quter 110+00 pipeline East 810,000
Outer South Range A from
Entrance Station 110+00 out hopper ODMDS 344,000

* Costs include monitoring, mobilization/demobilization, planning, engineering and design, supervisory and administrative costs and
27% contingency
** Costs estimates are based on the specific pipeline sizes this table; however comparable sized pipeline dredges could be used
***Non-federal entities may contribute funds through an Additional Work Memorandum of Agreement (MOA) for dredging with

placement of beach quality material on Bogue Banks beaches. Refer to section 6.2 of this Plan for details.
**x \WWhen Inner Harbor material is disposed of in the Ocean Dredged Material Disposal Site (ODMDS) (once Brandt Island reaches
capacity), costs increase to $14,101,200 per dredging event.

Table 3-29. Proposed DMMP Cycle of Dredging and Disposal (numbers rounded)
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Estimated Dredged Material Quantity (cu. yds.)

DMMP Fiscal Harbor Section Sedim_ent
Year Year Quality Nearshore Beach Brandt Island | ODMDS
1 2017+ Outer coarse-grained** 1,200,000
2 2018 Outer coarse-grained 996,000
3 2019 Inner fine-grained*** 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000

4 2020 Outer coarse-grained 1,200,000
5 2021 Outer coarse-grained 996,000
6 2022 Inner fine-grained 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000
7 2023 Outer coarse-grained 1,200,000
8 2024 Outer coarse-grained 996,000
9 2025 Inner fine-grained 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000

10 2026 Outer coarse-grained 1,200,000
11 2027 Outer coarse-grained 996,000
12 2028 Inner fine-grained 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000

13 2029 Outer coarse-grained 1,200,000
14 2030 Outer coarse-grained 996,000
15 2031 Inner fine-grained 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000

16 2032 Outer coarse-grained 1,200,000
17 2033 Outer coarse-grained 996,000
18 2034 Inner fine-grained 514,000
Outer coarse-grained 810,000
Outer Entrance fine-grained
Channel 344,000
19 2035 Outer coarse-grained 1,200,000
20 2036 Outer coarse-grained 996,000
Inner fine-grained 514,000
Outer Entrance fine-grained
Channel 344,000
TOTALS 11,832,000 8,400,000 3,598,000 2,408,000

*The DMMP will be completed in October 2016 (Fiscal Year 2017)

**coarse-grained = dredged material 290% sand ***fine-grained = dredged material <90% sand

Table 3-30. Proposed DMMP Cycle - Sediment Quality & Disposal/Placement
Locations
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As shown in the tables and figures above, the proposed base plan is based on a 3-year
maintenance cycle, which is the most efficient way to maintain the Harbor. Specifically,
and as further described below, the 3-year plan balances the following important
elements of long-term project maintenance:

1) Staggered needs for channel maintenance. Due to differences in shoaling rates,
different reaches of the channel require maintenance at different intervals. Some must
be maintained annually and some can be effectively maintained on a less frequent
basis. Specifically, most of the Inner Harbor reaches can be maintained approximately
once every 2 or 3 years and still support traffic. The Outer Entrance Channel can also
be maintained roughly once every 2 to 3 years. The Cutoff area and some portion of
Range A requires annual maintenance dredging.

2) Optimum dredge plant for channel maintenance. Different types of dredge plant are
most effective for dredging different areas of the channel. The Outer Entrance Channel
can only be effectively maintained by a hopper dredge, as it is 47 feet deep,
experiences string-bean shoaling, is far from shore, and close to the ODMDS disposal
area. The rest of Range A can be effectively maintained by either a hopper or a large
cutterhead pipeline dredge, and flexibility is required; depths are still 47 feet, open
ocean conditions exist, and string bean shoals do occur, but if bank height from
encroaching shoals is high enough, a pipeline may be the best tool. The Cutoff needs a
large cutterhead pipeline (at least 24", preferably 30") to meet the full channel prism, as
the encroaching tip of Shackleford Island creates large, steep shoals. A hopper dredge
can effectively maintain the central channel of the Cutoff in subsequent years, but if a
pipeline dredge is not mobilized at least once every three years, the slopes become too
steep for a hopper dredge to effectively operate. Range A and the Cutoff can also be
maintained by a bucket and barge. Ranges B and C can be maintained effectively by
any type of dredge, allowing them to be added to any contract as needed; disposal
locations, more than dredging conditions, dictate dredge plant requirements. The Inner
Harbor reaches are tight quarters that cannot be effectively navigated by hopper
dredges; overflow restrictions also limit hopper effectiveness (and reduce mechanical
dredge efficiency as well). A small (18") pipeline dredge is usually the best tool in these
areas, but occasionally a mechanical dredge may be best.

3) Environmental considerations. Important environmental considerations include water
quality, endangered and threatened species, essential fish habitat, and benthic
organisms. Other considerations include the need to not place material on the same
stretch of beach in subsequent years to allow for benthic species recovery, and the
need to provide some regular inputs of sand to both sides of the ebb tide delta and both
adjacent shorelines (although NPS has requested that no material be placed on the
Shackleford Banks beach).

4) Cost. In order to maintain all areas of the project in a way that allows for the Port to
operate effectively and allow USACE the ability to use its funds efficiently, some form of
dredging contract will be required at Morehead City Harbor annually, incorporating
different areas of the project in a manner that best utilizes the dredge plant necessary to
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do the work. Shoaling always makes some amount of maintenance necessary, and the
District strives each year to incorporate into its contract the most pressing navigation
needs. Therefore adequate contract planning is critical to successfully meet the
project's anticipated shoaling for each year. Beach placement is very expensive, and
cannot likely be afforded more than once every three years at best; however, the Cutoff
can only be properly maintained with periodic use of a cutterhead pipeline dredge, so
the plan must account for that type of contract often enough to keep the channel open.
It is the need for a cutterhead pipeline dredge which drives the 3-year cycle of this plan -
- if a cutterhead pipeline dredge is mobilized less than once every three years, the
slopes of the cutoff channel steepen and the channel closes in to a degree that it cannot
be effectively maintained by a hopper in the off-years. Additionally, the potential of
project-induced erosion increases, particularly at the ends of the flanking barrier islands.
If a pipeline dredge is mobilized more often than once every three years, costs become
too great, the effects on beach organisms increase, and less material is provided to the
ebb tide delta.

In summary, Wilmington District USACE recommends a 3-year cycle that most
effectively matches anticipated dredge plant with the areas that need to be maintained.
This plan is the best balance of dredging needs, available dredge plant, environmental
concerns, and costs.

The USACE continues to recommend placement of sand on Shackleford Banks;
however, since the NPS requested that this disposal option be dismissed as part of this
DMMP, placement of sand on Shackleford Banks is not implementable. As shown in
Table 3-27, the proposed base plan provides more than one potential disposal option
for most of the ranges of the Morehead City Harbor navigation channels, depending on
the type of dredge equipment mobilized. Although dredged material from most of the
Morehead City Harbor ranges may be disposed of in more than one location, Table 3—
27 displays the plan that best meets the Federal standard of least cost, engineeringly
sound and environmentally acceptable disposal. The 3-year cycle is graphically
depicted in Figures 3-41 through 3-43. Quantities shown in the tables above are based
on adjusted shoaling rates (Section 2.4) and represent the material likely to be dredged
in order to maintain the channel to authorized dimensions. However, due to funding
limitations and navigation priorities, actual dredging quantities from the Morehead City
Harbor channels will vary and are expected to be less than the quantities shown above.

As shown in Table 3-29, plans are to dredge the Outer Harbor reaches annually.
During the first year, the Outer Harbor ranges (from South Range C out to Station
110+00 of Range A) would be dredged by a 30-inch pipeline to the fully authorized
project depth of 45'+ 2 feet of allowable overdepth (or 47'+2, as appropriate) with
placement on the beaches of Fort Macon State Park and Atlantic Beach. Comparison
of the volumetric losses calculated earlier in this section shows that the recent loss
trends for both islands are relatively similar. The recommended plan was for the
coarse-grained (290% sand) dredged material to be returned to the beaches in ratios
comparable to calculated sediment losses, resulting in a 57/43 split of material placed
on Bogue Banks and Shackleford Banks, respectively. Following the initial placement,
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these ratios were to be reevaluated based on the performance of the material placed,
and beach placement limits would have been adjusted to maximize the benefits while
minimizing costs and environmental impacts. The National Park Service had the option
to decline the placement of dredged material on Shackleford Banks during any
maintenance dredging event. However, since the NPS has requested that no sand be
placed on Shackleford Banks, all beach placement for the next 20 years is likely to be
on the beaches of Fort Macon and Atlantic Beach (or Pine Knoll Shores, if non-federal
interests pay the additional costs). Under the base plan, quantities expected to be
placed on the beaches are greater than quantities placed on the beach in the past from
the Brandt Island pumpout.

During the second and third years of the 3-year maintenance cycle, a hopper dredge (or
pipeline dredge with dump scows or approved direct pipeline method) would be
mobilized to dredge the Outer Harbor ranges out to Station 110+00 to authorized project
depth with placement of material in the nearshore placement areas. Dredged material
guantities to be placed in the Nearshore Areas would be roughly based on the ratio of
the historic losses for the two lobes (west and east) of the ebb tide delta. As discussed
in Section 3.2.4 Ebb Tide Delta, 78% of sediment losses occurred on the west ebb tide
delta and 22% of losses occurred on the east ebb tide delta. Therefore, material placed
within the ebb tide delta will be split between the western and eastern lobes based on
this 78/22 ratio, respectively, if operationally feasible. Over the life of this DMMP, it is
the USACE'’s intent to meet this 78/22 ratio, although individual dredging jobs will likely
use a single nearshore placement area. Quantities of material dredged in non-beach
placement years (years two and three of the 3-year cycle) that exceed the annual
losses to the ebb tide delta may be available for beach placement by a local entity. Any
requests by local entities to place this excess dredged material on adjacent beaches
would be evaluated on a case-by-case basis and would be funded by the requesting
entity.

On infrequent occasions, small quantities of dredged material (typically less than
100,000 cubic yards) that contain at least 90% sand may be disposed of in Brandt
Island. This situation is likely to be confined to situations where a small pipeline dredge
is maintaining the Inner Harbor, and needs to dredge some quantity of Range B or
Range C material that may contain higher sand percentages.

The disposal of all Outer Harbor material will be based on data provided by the
Morehead City Harbor Monitoring Plan (Appendix F) and beach placement limits may
be modified to best address any shoreline conditions. Additionally, quantities placed will
always be subject to navigation priorities and the availability of dredging funds which
may not be sufficient to place quantities equivalent to the historic loss rates.

Sediments in the Outer Entrance Channel (Range A from Station 110+00 seaward) are
predominantly fine-grained and cannot be placed on the beaches or in the nearshore
placement areas. The least cost, engineeringly sound, environmentally acceptable
alternative for the Outer Entrance Channel sediments is disposal in the ODMDS. The
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DMMP proposes to dredge this portion of the Harbor to a depth of 47°+2 by hopper
dredge in year three of the three-year cycle.

3.4.3 Real Estate

The DMMP addresses dredging needs, disposal capabilities, and capacities of disposal
areas with the purpose of ensuring sufficient disposal capacity for at least the next 20
years, beginning in 2016 and extending through 2035. The Proposed Base Plan to
accomplish the disposal of dredged material associated with the maintenance dredging
of Morehead City Harbor is discussed at Section 3.4 (Proposed Base Plan (DMMP)).
Maintenance dredging is proposed for three areas, the Inner Harbor, Outer Harbor and
Outer Entrance Channel. Areas considered for disposal of dredged material are:

e Brandt Island

e Beaches at Fort Macon State Park, Atlantic Beach
e Nearshore West

e Nearshore East

e Ocean Dredged Material Disposal Site (ODMDS)

Brandt Island. A large portion of the Island (Figure 1-4) is owned by the State of North
Carolina and since the 1950's has been dedicated for use as a disposal area. Itis
proposed that dredged material from the Inner Harbor be disposed of in Brandt Island.
For past disposal events the State of North Carolina has either granted a temporary
disposal easement or given a letter permit for use of the Brandt Island site. The same
would be required for any subsequent use of the site.

Beaches at Fort Macon State Park. Dredged materials from the Outer Harbor will likely
be placed on the beach of Fort Macon State Park (Figure 1-4), which is owned by the
State of North Carolina. No formal agreement exists between the USACE and the State
pertaining to placement of material at Fort Macon. However, prior to each placement
event, the USACE coordinates closely with the State Park regarding the details of the
placement activity and obtains approval for placement of dredged material on the Fort
Macon shoreline. Either an easement or a letter permit from the State will be required
to make Fort Macon State Park available for project purposes.

Beaches of Atlantic Beach. Dredged materials from the Outer Harbor will also be
placed on Atlantic Beach (Figure 1-4), which is privately owned landward of mean high
water (mhw). In 2005, sand was pumped from Brandt Island onto the beaches of Fort
Macon and Atlantic Beach to create more disposal capacity within the Brandt Island
site. At that time, 209 parcels on Atlantic Beach were impacted by the placement of fill.
There were 150 perpetual easements in place and 59 temporary easements were
acquired, which have since expired. The easement language used in the acquired
easements was very similar to the standard “Perpetual Beach Storm Damage
Reduction Easement” shown below.
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An assumption is that the last sand disposal created new lands which vested in State
ownership. The expectation with future disposal events is that fill will be placed on or
below the land created at the last fill and that no further real estate interests will be
required; however, this will be confirmed when surveys are completed prior to each
beach placement event. Should there be areas where erosion has occurred landward
of the old mean high water line, easements will be required from impacted landowners.
It is suggested that the standard Perpetual Beach Storm Damage Reduction Easement
be used if additional easements are required.

PERPETUAL BEACH STORM DAMAGE REDUCTION EASEMENT

A perpetual and assignable easement and right-of-way in, on, over and across
(the land described in Schedule A) (Tract No. ) for use by the (Project
Sponsor), its representatives, agents, contractors, and assigns, to construct;
preserve; patrol; operate; maintain; repair; rehabilitate; and replace; a public
beach [a dune system] and other erosion control and storm damage reduction
measures together with appurtenances thereto, including the right to deposit
sand; to accomplish any alterations of contours on said land; to construct
berms [and dunes]; to nourish and renourish periodically; to move, store and
remove equipment and supplies; to erect and remove temporary structures;
and to perform any other work necessary and incident to the construction,
periodic renourishment and maintenance of the (Project Name), together with
the right of public use and access; [to plant vegetation on said dunes and
berms; to erect, maintain and remove silt screens and sand fences; to facilitate
preservation of dunes and vegetation through the limitation of access to dune
areas;] to trim, cut, fell, and remove from said land all trees, underbrush,
debris, obstructions, and any other vegetation, structures and obstacles within
the limits of the easement (except * ); [reserving, however, to the
grantor(s), (his) (her) (its) (their) (heirs), successors and assigns, the right to
construct dune overwalk structures in accordance with any applicable Federal,
State or local laws or regulations, provided that such structures shall not violate
the integrity of the dune in shape, dimension or function, and that prior
approval of the plans and specifications for such structures is obtained from
the (designated representative of the Project Sponsor) and provided further
that such structures are subordinate to the construction, operation,
maintenance, repair, rehabilitation and replacement of the project; and further]
reserving to the grantor(s), (his) (her) (its) (their) (heirs), successors and
assigns all such rights and privileges as may be used and enjoyed without
interfering with or abridging the rights and easements hereby acquired; subject
however to existing easements for public roads and highways, public utilities,
railroads and pipelines.

The worst case scenario under the recommended base plan is acquisition of 59
easements. Real Estate cost would include the review and certification of Real Estate
prior to advertisement for construction. The estimated cost is $6,500 (Appendix N).
Should future beach placement occur on Bogue Banks west of the area included in the
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base plan, additional easements would be required, incurring additional real estate
costs that cannot be accurately estimated at this time. Placement of sand along the
shoreline is considered beneficial use of dredged material and is not considered a
nourishment project. The non-federal sponsor will not receive credit for cost incurred in
the acquisition of easements.

Nearshore West. The Nearshore West Placement Area (Figure 3-25) is within State
waters and is located off Bogue Banks. Dredged material from the Outer Harbor will be
disposed of in the Nearshore West site. The existing site is 559 acres but the
recommended base plan proposes to expand the existing site by an additional 1,209
acres. This is discussed in further detail in Sections 4 and 5 of this report. The
proposed expansion is being coordinated with all appropriate resource agencies and
approval from the State will be obtained prior to use of the expanded area.

Nearshore East. The Nearshore East Placement Area (Figure 3-26) is a newly
proposed site that will consist of approximately 1,094 acres and will be located within
State waters off Shackleford Banks. Dredged material from the Inner Harbor will be
placed in the Nearshore East. This is discussed in further detail in Sections 4 and 5 of
this report. The proposed Nearshore East is being coordinated with all appropriate
resource agencies and approval from the State will be obtained prior to use of the
expanded area.

ODMDS. The ODMDS (Figure 3-43) is an 8 square nautical mile area located on the
Outer Continental Shelf (OCS). The site was designated by USEPA as an ocean
dredged material disposal site. The transportation and disposal of dredged material in
ocean waters, including the territorial sea, is regulated under the Marine Protection,
Research, and Sanctuaries Act of 1972 (MPRSA) (Public Law 92-532, 86 Stat. 1052, 33
U.S.C. 881041 et seq.) as amended by Title V of the Water Resources Development
Act of 1992 (WRDA 92; Public Law 102-580). Section 102(a) of MPRSA authorizes the
USEPA to establish and apply regulations and criteria for ocean dumping activities.
Consequently, the USEPA issued in October, 1973, and revised in January, 1977,
Ocean Dumping Regulations and Criteria (40 CFR 220-238). These regulations
establish control of ocean dredged material disposal primarily by two activities,
designation of sites for ocean dumping and the issuance of permits for dumping.

The transportation of dredged material for the purpose of disposal into ocean waters
(i.e. the actual use of the designated site) is permitted by USACE (or authorized in the
case of federal projects) under MPRSA Section 103(e) applying environmental criteria
established in USEPA's Ocean Dumping Regulations and Criteria. The MPRSA Section
104(a)(3) provides that ocean disposal of dredged material can occur only at a
designated site and Section 103(b) requires the USACE to utilize dredged material
disposal sites designated by USEPA to the maximum extent feasible. Prior to issuing a
dredged material permit or authorizing a federal project involving the ocean disposal of
dredged material, the USACE must notify USEPA, who may disapprove the proposed
disposal. Dredged material from the Inner Harbor, Outer Harbor and O